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1.0 Introduction 


Several hydrologic and geochemical studies and modeling efforts have 
been performed in the past 3 years to determine the potential impacts on water 
resources associated with mining activities at the Lamefoot Mine. These 
include the 2750 Report (July 1995), Impact Evaluation (July 1995), Revised 
Impact Evaluation (May 1997), as well as several Technical Memoranda 
addressing agency comments and concern. The findings of these efforts to date 
have been corroborative and determined that there would be no impacts to 
water resources associated with the Lamefoot Mine. 


Recently, Echo Bay submitted an Interim Proposal for limited expansion 
of the currently permitted mine area (February 4 memo from Echo Bay to 
George Brown —- BLM Spokane Office). This proposal encompasses a small 
amount of ore above the 3070 level in upper Zone 2 (between 7200E and 
7600E; 25850N and 26400N; elevation 3085 to 3115 feet) and mining in Zone 4 
extension (Zone 4E) and primary development only in Zone 6 extension (Zone 
6E) (between 6500E and 7000E; 27500N and 27850N; elevation .1850 to’ 2650 
feet) and approximately 1500 feet a ramp construction in Zag 7 (between 
6400E and 7OOOE; 2 ON and 28000N; elevation ¢) 22 The 
proposed areas to be wed are carey in Plate 1 oe pone = and Plate 2 
(plan view). Development of Interim Proposal area would utilize the same 
mining methods, ore haulage, and processing as the current mining operation. 


As part of this proposal, BLM has requested that the current impact 
evaluation (May 1997 and subsequent modeling efforts in response to BLM 
comments) be revised to reflect recent hydrologic information regarding mine 
inflow associated with the interim proposal. 


. ice er eebietreregat) aap ay 
ns atively expected seurly The purpose for employing this approach is to 

neon for any Pioreseeaple changes in hydrology or geochemistry which may 

occur and thereby preclude the necessity of repeated subsequent evaluations. 
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2.0 Methods and Approach 


This section describes the recent hydrologic field work and information 
collected by Hydro-Geo and Echo Bay; the approach employed for the updated 
hydrologic modeling performed by ABC; and the approach used for the updated 
geochemistry modeling and impact evaluation performed by Schafer and 
Associates. Detailed descriptions of the methods and results of these efforts 
can be found in Appendix A (Hydro-Geo information), Appendix B (updated 
hydrologic modeling), and Appendix C (updated geochemical modeling). 


2.1 Hydrology 


2.1.1 Field Observations 


arized in the comp: ‘i hensive 2750" , 


fo ecuteee eae mine expansion btites the North Lamefoot area as well as 
agency comments on previous hydrologic characterization work. Results of 
these studies were consistent with past work and confirmed a low overall 
rockmass hydraulic conductivity (approximately 1 X 106 cm/second) with 
somewhat higher values (approximately 6 X 10 cm/sec) in the Wolfe Camp 
Fault Zone, and an east to west flow direction. 


Recently, a scope of work was developed and undertaken to address the 
concerns of the BLM regarding development of the Lamefoot Interim Proposal 
area. The scope of work for the project was discussed during a meeting on 
March 3, 1996 between members of the BLM, Echo Bay, Mr. Joe Frank, Hydro- 
Geo Consultants, Inc., Adrian Brown, Adrian Brown Consultants, Inc., and Ed 
Spotts, Schafer and Associates, Inc. 


The purpose of this work is to provide further hydrogeological 
characterization of the Lamefoot Interim Proposal area. The current scope of 
work included: 


e A review of geologic cross sections and drillers reports developed from 
data collected from exploration drilling along the 2225 drift. This 
information was used as a basis to relate ground water occurrence to 
geologic structures at the Lamefoot site including the North Lamefoot 
area; 


e Compilation and review of water level data from area wells and surface 


water monitoring sites. This information was used to assess current 
impacts of mining to the area hydrologic system, and; 
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e Complete a detailed potentiometric surface map using current water 
level data and estimated drawdown near the mine development areas. 


A detailed discussion of previous and current work is presented in 
Appendix A. ; 


212 Modeling Approach 


The impact of the proposed interim expansion to groundwater and to 
surface water resources has been evaluated, using the same modeling analysis 
method as was used for the impact evaluation and Finding of No Significant 
Impact presented in support of the earlier expansion of the mine below the 
2,750 foot elevation. 


The model used for computation of flows and impacts has been 
constructed using the known topography, geology, and meteorology of the area, 
including the two principal fault systems (the Wolfe Camp/Anfo Fault zone and 
the Curlew Fault zone), the known hydraulic conductivity of the different 
materials, and the heads measured on site and regional wells. Where there was 
uncertainty in any of the inputs, the values which would produce the maximum 
mine inflow eos head copes were chp Seu por the meee cd erin ‘The © 


jcer Ta 
JOoClL VOL 


materials within their measured ranges The cf was ies ait eas Ke fhe 


P1C stresses imposed by mining, and the a ae SeoG pes DUD to 


LWALUL 


a oueisae mine was mane ‘2 refill ah ened re eauulete c more case post- 
mining conditions, making the further assumption that the mine backfill 
material also had infinite hydraulic conductivity. 


2.2 Geochemical Modeling 


The approach used for the geochemical modeling is consistent with that 
employed in the Revised Impact Evaluation (RIE) (May ed ug Sue Re 
ne SHOES in response to BLM comments. The public domain code 

: itilized. The approach is explained in detail in the V ay 
REI ey a Sears a herein for convenience. 


During infilling, Poaditions: are Perpectet to be ane Sith ene aii eee 
oxidizing conditions expected following mine filling. The geochemical model 
addresses both of these situations by using the appropriate mine inflow rates as 
well as inflow chemistry and model parameters for each case. 


The same inflow water qualities were used for the RIE were used in the 


current modeling effort (Table 2.1) . The quality of water flowing into the mine 


laterally and through the top of the mine (crown pillar) were characterized 
separately to represent possible water quality changes as the result of the 
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desaturation of a portion of the crown pillar after mining. Past modeling efforts 
characterized flow through the post-filling saturated and desaturated portions 


of the mine crown pillar separately. To be consistent with the conservative, 
worst case bounding approach of this analysis, all flow through the crown pillar 
in the post filling scenario was Tac as occurring through Ete Bee Atta 
poe ot oe crown BE rized 


Table 2.1. Analytical results for mine infilling solutions used for model 
input. 


mg/L 
mg/L 
mg CaCO,/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 


Notes: 

1. From ABC neutralization testing (2750 Report, ABC et al., 1995). 

2. Final solution composition after mixing WR-1,WR-2,WR-3,WR-4, and WR-5 (wall rock rinsates-2750 
report). 

3. Analytical sodium concentration adjusted to achieve charge balance 
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The water quality of the mine inflows is conservative in light of the 
copious geochemical data (static tests, humidity cells, scanning electron 
micLoscopy) and water goat (drip surveys, groundwater monitoring) which _ 

ate an alkaline sj . ' This information has been presented and 
digenrseed in detail in aararal documents including the 2750 Report, Impact 
Evaluation and Revised Impact Evaluation. Similarly, the justification of the 
inflow water chemistry used in the geochemical modeling was presented in the 
RIE and subsequently discussed in detail in an October 9, 1997 technical 
memorandum which addressed BLM comments on the RIE. 


The percentage of each of these sources flowing into the mine was taken 
from ABC’s updated hydrologic modeling (Appendix B). The conditions modeled 
were those which predicted the worst water quality in the original RIE modeling 
effort (i.e. Eh = O mv; pCOz2 = -2.5, no additional ferrihydrite precipitates). 


: There iS therefore no o change i in antec rater aiantyte as 


the mine fills relative to the RIE. Results of this analysis are nonetheless 
provided for completeness. Similarly, previous analyses of backfill 
neutralization potential are still germane and remain conservative. Backfill 
neutralization potential was evaluated and summarized in an October 9, 1997 
technical memorandum by Schafer and Associates. For the scenarios modeled, 


The updated hydrologic modeling did predict that the percentage of 
inflow through the crown pillar after filling decreases somewhat relative to the 
original model. The geochemical model was thus updated to reflect this change. 
A summary of the geochemical modeling approach is presented in Table 2.2. 


The reader is referred to the Revised Impact Evaluation for a detailed 
description of the a modeling approach. 
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Table 2.2. Summary of mine infilling solution mixing ratios and 
geochemical conditions under which they were mixed. 


52.2% Wall Rinse 


During Filling’ 47.8% LF-120 Seep 


0.01% ARD (un- 
neutralized 2875 Seep) 


ph 2-3 


Post Filling? 68.6 % Neutralized 2875 


Seep gh 


31.4 % LFC-120 Seep 
Notes: 


1. Conditions resulted in worst case water quality during filling ——*/ ori 
2. Sorption surfaces and solids from worst chemistry during filling were used for this case 
3. Values from inflow rates in updated hydrologic modeling. 


2.3 Impact Evaluation 


ciemianon of etal in mine water, represented by the results of the 
geochemical modeling, along the flowpath out of the mine. Laboratory data on 
the ASLO SEIU) capacities shh the various oe Hany to the mine were 


This i is ‘conservative in qin a Beran of the 


er flowpath (and thus 
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3.0 Results 


3.1 Hydrology 


Fe Field Hydrology 


The Interim Proposal study involved collection of data from exploration 
drilling, monitoring, and compilation of a current potentiometric surface map. 
The results of this study confirm that the current understanding and 
conceptual hydrologic model of the Lamefoot project area are applicable to the 
Interim Proposal area and north to the North Lamefoot area. The Interim 
Proposal area ground water system is a continuous extension of the Lamefoot 
mine area regime. 


In summary, the hydrogeologic characteristics of the Interim Proposal 
area and Lamefoot mine area are characterized by: 


e Very low bulk rockmass hydraulic conductivity ranging from 10-7 to 
10-6 cm/sec; 


e Secondary permeability developed along local fracture and fault 
systems with hydraulic conductivity ranging from 10-* to 10-3 cm/sec; 


e Low storage and drainable porosity; 
e A storage coefficient estimated to be greater than 0.005; 
e Effective drainable porosity of 0.0036 percent; 


e Near surface potentiometric surface due to low bulk rockmass 
hydraulic conductivity and low drainable porosity and a limited 
drawdown cone developed around the mined areas; 


e Hydraulic gradient of the regional ground water flows towards the 
west generally following local topography; 


In summary, mining activities have dewatered only a limited area around 
the mine footprint. This is attributed to the very low permeability of rock 
surrounding the mine, as evidenced by the extremely small inflow recorded for 
the mine. Only wells very near the mine workings have been impacted by 
dewatering. A detailed discussion of the field work, data compilation and 
results, as well as a history of field hydrologic work at the Lamefoot Mine, is 
presented in Appendix A. 
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3.1.2 Hydrology Modeling 


The conclusions of the re-modeling of the worst-case effects of the mining 
associated with the proposed interim expansion at the Lamefoot Project on 
groundwater flow and heads are as follows: 


e The maximum average groundwater inflow to the mine during mining 
is computed to be 38 gpm, of which approximately 18 gpm would 
pass through the crown pillar and 20 gpm would enter the mine 
through the mine walls. 


e The maximum average groundwater flow through the mine after 
closure and refilling is computed to be 25 gpm, of which 
approximately 17 gpm would pass through the crown pillar, and 8 
gpm would enter the mine through the wall rock. 


e The maximum area of the crown pillar that could be impacted by 
permanent post-mining water level reductions in excess of 10 feet is 
approximately 9.7 acres, conservatively assuming total disturbance of 
the crown pillar material. 


A detailed presentation and discussion of modeling are presented in 
Appendix B. 


3.2 Geochemistry 


Results of the before and after filling geochemistry modeling (pore 
volumes 2 and 10) are summarized in Table 3.2 and are very similar to those 
obtained during past modeling efforts. Mine water has a slightly alkaline pH 
and low metal concentrations. Recall that these results represent the 
geochemical conditions which yielded the worst predicted after filling water 
quality in the RIE (Case C-Q1, Table 3.4 of Appendix B of RIE). Model output 
files are presented in Appendix C. 


3.3 Impact Evaluation 


Results from geochemical modeling presented in Table 3.1 were used to 
evaluate attenuation of copper and zinc along the flowpath through bedrock 
adjacent to the mine. Recall that this analysis conservatively assumes that all 
water from the mine will flow through only the modeled fault along a 50 foot 
flowpath to Wolfe Camp Creek. Results are presented in table 3.2 and indicate 
that metals are further attenuated within a very short distance along the 
flowpath owing to the attenuation capacity of the bedrock and the low 
concentrations of copper and zinc in the mine water. This is true even for the 
conservative case where only 0.4 % of the laboratory-measured attenuation 
capacity is utilized. This is a very conservative value for the relatively high 
permeability, fractured fault zone represented in the updated hydrologic model. 
It is important to note that metal concentrations are already low (Cu = 0.002 
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mg/l, Zn = 0.007 mg/l) in mine water prior to any further attenuation by 
adjacent bedrock. 


Table 3.1. Geochemical modeling output for worst case bounding 
conditions. 


5370 
D0; a) 


Note: Calcite and pyrite present as finite solids; determined from static test results. 
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Table 3.2. Flowpath attenuating analysis for mine water after filling (Pore 
Volume 2). 


1 — Distance removed includes metals attenuated in pore volume 1. 


2 — Safety factor is flowpath length divided by distance removed; determined from laboratory adsorption capacity and 
predicted mine water chemistry in Table X.3. Note concentrations of copper and zinc in mine water are low prior to 


flowpath attenuation. 
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4.0 Conclusions 


An updated impact evaluation was performed to determine the effects of 
a proposed interim expansion of operations at the Lamefoot Mine. The 
evaluation represents a worst case bounding condition for hydrology and 
geochemistry. Recent hydrologic flow information was incorporated into an 
updated hydrologic model to determine mine inflow rates. These model inflow 
values were then used in conjunction with conservative water quality input 
chemistry in a geochemical model to predict mine water quality. Impacts to 
water resources adjacent to the mine were predicted by performing a flowpath 
attenuation analysis using the results of the geochemical modeling. 


e Results of the recent field hydrologic work and review of past field efforts 
confirm previous conclusions and indicate that mining activities have 
dewatered only a limited area around the mine footprint. This is attributed to 
the very low permeability of rock surrounding the mine, as evidenced by the 
extremely small inflow recorded for the mine. 


e Hydrologic modeling indicates | that even under worst case bounding 
conditions, long-term steady < state inflow values to the mine as a result of 
the proposed expansion remain low (24.5 gpm). 


e Geochemical modeling indicates that post-filling mine water will have a 
slightly alkaline pH (7.4) and low metal concentrations (copper = 0.002 
mg/l, zinc = 0.007 mg/1), which will be further attenuated as water flows 
through adjacent fault and bedrock material. 


The findings corroborate previous modeling efforts and indicate that 


there will be no impacts to water resources adjacent to the Lamefoot Mine as a 
result of the proposed interim expansion. 
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LAMEFOOT MINE HYDROGEOLOGIC STUDY 
INTERIM MINE EXPANSION PROPOSAL 
ECHO BAY MINERALS - KETTLE RIVER OPERATIONS 
LAMEFOOT MINE 
REPUBLIC, WASHINGTON 


10 INTRODUCTION 


Echo Bay Minerals Company (Echo Bay) operates a gold mining and processing 
operation sats the town of Republic, Washington known as the Kettle River Project. The current 
Kettle River Operation includes the Key Processing facility, the Lamefoot Mine, and the K2 
Exploration Project. The Lamefoot Mine was permitted for full development in 1995 (BLM, 
Record of Decision, Sept., 1995). Full mine development extends from northings 24500 N to 
27500 N with a total vertical extent ranging from 3,100 to 2,200 feet above mean sea level 
(amsl). 

Echo Bay has determined that potential economic ore extends north of the permitted 
mining area to approximately northing 28300. The orebody is known as North Lamefoot. In 
addition, several pods of ore, extensions of the currently permitted orebody, are located directly 


north and adjacent to the current mine workings at northing 27500. Echo Bay has proposed to 


mine these orebody extensions and complete associated access development. Proposed mining 


of these small ore zones is known as the “ Lamefoot Interim Proposal”. Fulldevelopment of the 


to”"l,850 feet amsl. Development of Interim Proposal area would utilize the same mining 
methods, ore haulage, and processing as the current mining operation. 
To support permitting requirements for the Interim Proposal mining area, Echo Bay 


retained Hydro-Geo Consultants, Inc. (Hydro-Geo) to complete a verification ground water 


characterization study for the Interim Proposal mining area. The results of this study confirm 


D:\Echo Bay\Lamefoot\Addendum\Interim Proposal Report 


peipvenanyesionanesci4 IMaTY a 
eVOVY AAAI AVM aT Dt «QL Yh 


AIM TOOMMAL aes . 
KOTOVIHGAW OTs ‘5 
fan ‘ag vate oa 


oer aeons © 

gnizesoorny brs gainits blog. a eaimago f raf! ori) yneqiaeD ‘slarmaiM 8 cil: 
wostT tosorl wv sled sdias aword dolgailzeW ailduqat ty mavot ot ase a 

CA od} ‘bat oniM todloriad odt tilieet yoked yal onl eabuingl Rosita 8) babel 
M.1a) 200i ‘ni mnoragoiy as Ht x0t beniteisg aw ext octets: oat saoien ine 
1 OOZAE exaistrion mot ebeatxe Ieeoangolgy: ty option li 4 CORL 3988 saint Yo 


love! ese nasen dvode 19st OOS-S o3 OOI.E mat wnigner i7eieg sine Aan n ew Hf . 
Pe ; t a <a 


battione, ss to dros sbaaixe MO SUMOMOO? ages iad} Vinisiial ied oe oss. 
nf Jootemal doit es avrow) ei ybodnd sdf WEBS gaithion eteenixonys: 01 8 
vboorils boiaaol ois .ybodsne beilinneq yBasavo sil to enoemaes sorte 2hog 7 ‘ 
» baaogma ead yet ofott .o0eTS gridion ts 2gnitiow onitt ee 
onininn beaogort isaaierN zesno8 botkinceeg sralqrans baw encanine x! 
igglt 30 keaton pAerr ns ia taeoqorl miiratal voctoaued Sct gm 
Ji LA tosgetee lwnisnoabs Baier ORL U2uze rettron oper 


Pid 7 i Pity 


‘gelaias aise att oyility blade G28: teogent meres 
bears: 

| “vad odad gets gaioun lexoyord imizoinl a 0 « | 

- ralew) Binoy noiesitito » rales oF (o of) -otbgt 

OXI AIGD sietste Habe bo aolenaeri Aa 807 x Ine 


* 
ca 
78 
> 


i 


Echo Bay Minerals - Kettle River Operations 2 


oS Re es es es Sa ee = ee ee 
2.0 PREVIOUS WORK 


Echo Bay has been operating the Kettle River Project since 1988. Permitting for this 
facility was completed following the preparation of a Final Environmental Impact Statement or 
FEIS (State of Washington, Dept. of Ecology, 1988). The original mine plan was based on two 
underground mines, the Kettle River and Overlook mines, and a common process facility, the 
Key Mill. 

With the discovery of the Lamefoot orebody, the Key Project FEIS was formally 
amended in 1994 with an Environmental Impact Statement Supplement or EISS (USBLM, 
1994a) to the 1992 FEIS which specifically addresses the impacts due to inclusion of the 
Lamefoot Mine in the overall mine plan. In compliance with permitting provisions, Echo Bay 
has also submitted a revised Plan of Operations (Echo Bay, 1993) for its facilities to include the 
Lamefoot Mine. 

In the Proposed Action for the Lamefoot Mine as presented in the EISS, mining would 
extend to the anticipated extent of ore reserves at an elevation of about 2,200 feet amsl. An 
alternative plan adopted by the U.S. Bureau of Land Management (BLM) was presented as the 
Preferred Alternative in the Record of Decision (USBLM, 1994b). This alternative was identical 
to the Proposed Action but limited mining to the 2,750 level elevation which was the estimated 
post-closure water table elevation. 

Echo Bay believed that the Proposed Action was an environmentally sound approach to 
the development of the Lamefoot mine and requested that the BLM review its original rulings 
released in the Record of Decision (ROD) (USBLM, 1994b). To support its request Echo Bay 
undertook a program of investigation and evaluation consistent with BLM’s request to “...further 
characterize the groundwater conditions at the (Lamefoot Mine) site, ... to refine predictions (of) 
possible hydrologic impacts, ... in order to have the additional data necessary to reconsider the 
cumulative impacts of the full mine development” (USBLM, 1994b). 

The results of the investigation program were published in a document known as the 
2750 Report (Adrian Brown Consultants, Hydro-Geo Consultants, and Schafer and Associates, 
1995). This comprehensive ground water investigation program included geologic 
characterization, numerous well and test hole installations, more than 90 permeability tests, and 


continuous ground water sampling and water level measurements. The n 


e the water table in the vicinity of the mine is considerably above the 2,750 foot 
elevation and in fact is close to (<50 feet), or at, the ground surface; 
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&) e the various lithologies within and surrounding the mine have very low permeability 
: with hydraulic conductivities ranging from approximately 1.6 x 10° to 2.5 x 10” 
cm/sec.; 
pe e most ground water. flow within the area is governed by the existence of faults and 
[ Af? ~ i fractured zones; 
was 


_() © the total direct, measurable inflow to the mine in December, 1994 was approximately  |3 
Rah 1 gpm (excluding induced water for drilling and other mine use), and; use pamoe __ 
co Ww . i — 
Cope 4M av fle wy Bor , 
/ ¢ there will be no significant ground water or surface water impact resulting from the 


wt development of the Lamefoot mine. This will be true regardless of the depth of leey 
a development of the mine and there will be no incremental ground water impact . > 
Ny FS © associated with full development of the mine as compared with development limited to 

Y fr aa 


Ww 


the 2,750 foot elevation. Ahad y Ja te— 


Subsequent to the 2750 study, Hydro-Geo completed two reports on the hydrogeology of the 

North Lamefoot Expansion area. The first report, North Lamefoot Hydrogeologic Study (Hydro- 

Geo, January 1997), involved collection of data from exploration drilling, drilling and testing of 

two monitoring wells, completion of a spring and seep survey, observations during development 

of the North Lamefoot exploration drift (2420 level drift), and review of information from past 
® studies and monitoring wells associated with the existing Lamefoot mine area. 


The results of this study confirmed that the current understanding and conceptual 


hydrologic model of t foot project area are applicable to the North Lamefoot area. The 
North Lamefoot area ground water is a continuous extension of the Lamefoot mine area regime : 


and includes: 13s 
———— ye en 
yea 
y Ic k rocl ydraulic conductivity ranging from 107 to 10° cm/sec; ~ 
e Secondary permeability developed along local fracture systems with hydraulic 


ery low bulk rockmass 
conductivity ranging from 10% to 10° cm/sec; 

e Low storage and drainable porosity; 

e Near surface potentiometric surface due to low bulk rockmass hydraulic conductivity 

and low drainable porosity; 

e A storage coefficient estimated to be greater than 0.005; ay are 
‘ e Effective drainable porosity of 0.0036 percent; — Law 7S" Ay oh ee 4 at™ wes 
e Bulk hydraulic conductivity ranging between 2 x 10” and 2 x 10° cm/sec with hl 


localized increases due to fracturing and/or faulting; 


x 


» e Hydraulic gradient of the ground water flows towards the west generally following 
local topography; and, 
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e There is no significant difference between the Gy; “ae water quality in the 


Lamefoot North area and other areas on the mine site Ku \o 7s aha buA ret C Qe 


D 


Qrtt ee a fuh wr, Whe hes Lee OF) 


This low hydraulic conductivity of the bedrock limits the ground water flow in the area as me ln — 
a SSI 


evidenced from the extremely small inflow recorded for themine. Brug o> Wie qh 

The second report, “Addendum to the North Lamefoot Hydrogeologic Study” (Hydro- 
Geo, November, 1997), was prepared to address comments by the BLM regarding the original 
North Lamefoot Hydrogeologic Study (Hydro-Geo, January, 1997), memo from Mr. Paul 
Summers to Mr. George Brown dated July 11, 1997. 

In order to address these concerns, a new potentiometric surface map was prepared which 
incorporated recent water level measurements from monitoring wells and water production wells 
throughout the Lamefoot mine area, including North Lamefoot. In addition, five underground 
boreholes in the 2225 exploration drift were tested (pressure buildup and discharge tests) to 
determine the hydraulic characteristics of the fractured rock associated with the Wolf Camp Fault 
zone in the northern area of the North Lamefoot deposit (28100 to 28300 north). The text of the 
addendum discussed the most current concept of the mining plan for the North Lamefoot 
orebody and relates it to the hydrogeologic characterization of the Lamefoot Mine area, as 
determined from the 2750 Level Hydrology and Hydrogeochemistry Report (Adrian Brown 
Consultants, Hydro-Geo Consultants, Inc., and Schafer and Associates, 1995) and from the North 
Lamefoot Hydrogeologic Study (Hydro-Geo Consultants, Inc., 1997). In addition, the text of the 
addendum was revised to include updated survey information regarding the surface and ground 
water level elevations for wells LF-13 and LF-14. 

Results from the addendum study were consistent with past studies with an estimated 


overall hydraulic conductivity of the rockmass in the Lamefoot mine area of 1 x 10° cm/sec. 


The vee sabes and sts tests in the Wolf Camp Fault zone indicate an average 


m/sec, confirming past estimates ranging from 1x10% to 


1x10° eayler se (Hydro-c Geo, January 1997). The regional ground water flow is from east to west. 
Toot la Llp > Lhe as 
Een flo® i +O pegso LV 


3.0 SCOPE OF WORK FOR THE CURRENT STUDY 


A scope of work was developed and undertaken to address the concerns of the BLM 
regarding development of the Lamefoot Interim Proposal area. The scope of work for the project 
was discussed during a meeting on March 3, 1996 between members of the BLM, Echo Bay, Mr. 
Joe Frank, Hydro-Geo Consultants, Inc., Adrian Brown, Adrian Brown Consultants, Inc., and Ed 
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Py) Spotts, Schafer and Associates, Inc. The current scope of work includes: 


e <A review of the geologic cross sections and drillers reports developed from data 
collected from exploration drilling along the 2225 drift. This information will be 
used as a basis to relate ground water occurrence to geologic structures at the 
Lamefoot site including the North Lamefoot area; 

e Compilation and review of water level data from area wells and surface water 
monitoring sites. This information will be used to assess current impacts of mining to 
the area hydrologic system, and; 

e Complete a detailed potentiometric surface map using current water level data and 


estimated drawdown near the mine development areas. 


4.0 GROUND WATER CHARACTERIZATION PROGRAM 


The purpose of the ground water characterization program is to provide further 
hydrogeological characterization of the Lamefoot Interim Proposal area. The following section 
» of the report presents hydrogeologic information gathered as part of this investigation to further 


characterize the ground water system in the vicinity of the Lamefoot Interim Proposal area. 


4.1 Cross Section Analysis 


Thirteen geologic cross sections and associated drillers logs, provided by Echo Bay, were 
analyzed to determine the relationship between ground water occurrence and geologic structure. 
The cross sections were developed by Echo Bay’s geology department from corehole data collected 
during exploration drilling along the 2225 level drift. Ground water occurrences were taken from 
daily drillers logs recorded during drilling operations. The following cross sections and associated 


drillers logs were reviewed: 


27150 north 

27300 north ‘ 
27400 north A) 
27500 north = 977. 6° 

27700 north 

27800 north 

27900 north 
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28000 north 
28100 north 
28200 north 
28300 north 


Copies of the cross sections and drillers logs are included in the Appendix A. Cross section 


locations are illustrated on Figure 1. 


4.1.1 Conclusions lo? | Las 
ps Bal 


of drillers a: from cross sections 27150 ee 27500 a aes paone esnditels during 
drilling operations. This supports observations at the mine of very limited ground water inflow 
in this area. At cross section 27700 north, small flows of ground water were recorded in 


boreholes 27700-2, 3, and 4. In each case flows were noted at or east of vay Anfo Fault contact. 


Small flows adjacent to and east of the Anfo Fault continue north to sections 27800 and 


27900 increasing slightly from 1.5 to 10 gpm. inant flows increased with os aus 


elevation), reflecting normal head ee 


at a aah of 170 feet at or near an ae limestone contact. A flow of 1 gpm was noted in 


borehole 27900-1 near a similar contact. 
At section 28000 north a flow of 1.5 gpm was recorded along the Wolf Camp Fault in 


borehole 28000-1. This is the first recorded flow along this structure. Again small flows ranging 
from 1 to 3 gpm were noted at or east of the Anfo Fault at this section location. 
north, flows generally increased east and west of the . 
ws of 12 gpm were recorded in borehole 28100-2 at aidvotiuoiasiaageetsenstmet 
Anfo Fault.. Flows of 15 gpm were maid in borehole 28100-5 just west of the Anfo Fault. 
Flows of 12 to 15 gpm were recorded in boreholes 28100- 3 and 6 in the zone between the Wolf 
Camp and Anfo Faults, possibly related to intrusive contacts. No flows were noted along the 
Wolf Camp Fault at this location. 
At section 28200 north only one borehole penetrated the Anfo Fault, 28200-5. A small 
flow of 1 to 2 gpm was noted east of the fault. Two boreholes encountered water along the Wolf 
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Camp Fault, 28200-1 and 2. A small inflow (rate not recorded) was noted at 230 feet, just east of 
the Wolf Camp Fault in boring 28200-1. A flow of 20 gpm was noted in borehole 28200-1, just 
east of the fault. It should be noted that 28200-2 is at a much lower elevation that 28200-1 which 
probably accounts for the flow differences. 

Four boreholes from section 28300 reported groundwater. Drillers reported water (but no 
flow rate) at 70 feet in borehole 28300-1, and at 80 feet in boreholes 28300-2 and 28300-3. 
These occurrences are in clastic rock west of the Wolf Camp Fault. In borehole 28300-5 flows 


of 4 gpm were noted immediately west of the Anfo Fault at a depth of 250 feet. 


north areas | ol 


ve “pk between 41 to 49 psi. Once z ESSL 5 WEL rahe ae yl i 
nN were recorded. In le . } le ed to betv Q63 to 4 gpm indica hing vie 


section 27700 to 28000 north, meer water occurrence is noted primarily east of the Anfo Fault 
with minor amounts reported along intrusive contacts. Initial flows of 0.5 to 6 Hille are noted in 


this area. 


The cross section analysis indicates that fractured zones east and west of the Anfo Fault 
are water bearing and appear to be continuous north to south. The eastern zone is more prevalent 
to the south and the western zone is noted to the north of 28100 north. Minor water bearing 
zones were noted at intrusive contacts throughout the study area. Discontinuous saturated zones 
were also noted as to the Wolf Mo Fault zone in the farthest north areas of the study. 
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4.2. Monitoring Data Review 


Echo Bay has monitored numerous surface and ground water stations around the 
Lamefoot site since 1991. Surface water sites include wetland stations 1 through 4 and the Wolf 
Camp Spring. Ground water sites include monitoring wells LF-1, LF-2, LF-4, LF-5, LF-6, LF-7, 
LF-8, LF-10, LF-10T, LF-11, LF-11T, LF-12, LF-13, and LF-14. Summary graphs of the water 


level and flow data are in Appendix B and locations are shown on Figure 1. 


4.2.1 Conclusions 


and 4 have not been tecpried due to access Pee (There has been no apparent decreasing _ 


Lunt 1 AL Creer 
tly avs. 


In general ground water elevations in the ee wells have also remained steady 


trend of water levels or flows at these sites throughout the period of mining. 


in octhee: 1996. Also, well LF-10 recharged from March 1995 to March 1997 from elevation 
2,500 feet to over 2,900 feet ams]. Water levels have stabilized since March 1997. 
In summary, mining activities have dewatered only a limited area around the mine 


footprint. This is attributed to the very low permeable rock surrounding the mine. Only wells very 


near the mine workings have been impacted by dewatering. e) $ 1% par below 
Bio Uo wht 
Loe 
: Oe ara ark 
rae 
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4.3 Potentiometric Surface 


A detailed potentiometric surface map of the ground water was compiled using water 
level data from March 1998 and August 1997 (at limited access areas) along with an estimated 
dewatered area associated with the current mine workings. Depth to water measurements and 


associated water level elevations are summarized in Table 1. 


4.3.1 Conclusions 


Ground water elevations in the Lamefoot area range from 3,234 feet amsl at LF-11 to 
2,138 feet amsl at LF-14. The direction of ground water flow in the vicinity of the mine is 
generally from east to west and closely follows local topography with a sharp drawdown cone 
immediately surrounding the active mine workings (Figure 1). In general, the ground water 
gradient is steep in the vicinity of the Lamefoot Mine and decreases to the west towards Curlew 
Lake. 

The ground water elevation at monitoring well LF-14 is particularly low (2,139 feet amsl) 
and reflects dewatering from exploration drilling at the northern most areas of the 2225 


exploration drift. The actual drift elevation in this area (28300N) is approximately 2,096 feet 


amsl. Fractures intercepted by the drilling operations quickly dewatered with initial flows of 
eT . an 5 gp m in abo t 2 hou 


e Lamefoot mine intercept ground water flow 


-In summary, the curre 
from the east and to some degree from the west and immediately beneath the mine. This creates 
a radial flow pattern (drawdown cone) near the mine void. Ground water levels in wells adjacent 
to the mine have not been impacted by dewatering, indicating that the extent of the drawdown 
cone created by the mine is very limited. 

The Lamefoot orebody follows the Anfo Fault structural trend. Water bearing fractured 
rock adjacent to the Anfo Fault has been locally dewatered by mining activities. However, it is 


important to note that total water inflows to the mine have remained very small. 
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5.0 CONCLUSIONS AND RECOMMENDATIONS 


5.1. Conclusions 22 y PN 


The Interim Proposal study involved collection of data from exploration drilling, 
monitoring, and compilation of a current potentiometric surface map. 
a understanding and conceptual 


4m PP 


area and 


oposal 


amefoot area. The Interim Proposal area ground water system is a 


continuous extension of the Lamefoot mine area regime. 


The hydrogeologic characteristics of the Interim Proposal area and Lamefoot mine area 


are characterized by: 


é) | e Very low bulk rockmass hydraulic conductivity ranging from 10’ to 10° cm/sec; 

e Secondary permeability developed along local fracture systems with hydraulic 
conductivity ranging from 10“ to 10° cm/sec; 

e Low storage and drainable porosity; 

e Near surface potentiometric surface due to low bulk rockmass hydraulic conductivity 
and low drainable porosity and a limited drawdown cone developed around the mined 
areas; rt a 

e A storage coefficient estimated to be greater than 0.005; fold aes Mi an 

e Effective drainable porosity of 0.0036 percent; 

e An average bulk hydraulic conductivity of about 1 x 10° cm/sec with localized 
increases due to fracturing and/or faulting, and; 

e Hydraulic gradient of the regional ground water flows towards the west generally 


following local topography; and, 


This low bulk hydraulic conductivity of the bedrock limits the ground water flow in the 


area as evidenced from the extremely small inflow recorded for the mine. 
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5.2 Recommendations 


It is recommended that Echo Bay continue to collect baseline ground water data for the 
North Lamefoot area. Baseline data will provide information on water chemistry and seasonal 
ground water level variations. Monthly laboratory samples should be collected from all area 
monitoring wells, surface stations, and from the springs located on the Wardlaw property. It 
should be noted that wetland stations 3 and 4 should be repaired so that water level 
measurements can be easily collected. The laboratory analytical suite should be the same as the 
currently permitted suite using total metals values. Field water quality sampling and water level 
or flow measurements should be collected monthly. It is also recommended that several 
additional ground water monitoring points be installed west of the proposed Nerth-Lamefoot “ 
erebedy: Locations of these stations should be selected after additional data review and 
discussions with regulatory agency personnel. In addition, water inflows from underground 


drilling and development should be recorded regularly. 


* KKK OK 


March 16, 1998 


Joe Frank 
Senior Hydrogeologist/Project Manager 
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Table 1 
Echo Bay Minerals - Kettle River Operations - Lamefoot Mine 
Summary Information of Ground Water Monitoring Wells 


Collar Screened Elevation of 
Well Northing Easting Elevation Interval Water in Well Date Comments 
I.D. ft. (ft. ft. a ft. amsl) Measured 


3/10/98 
3/10/98 
3/10/98 
3/10/98 
3/10/98 
3/10/98 


8/12/97 

LF-11 25665 F129 3234 625-650 8/12/97 
LF-11T 25649 7758 3234 25-38 8/12/97 
LF-13 28388 6749 2833 1055-1105 3/5/98 


3/5/98 


amsl = above mean sea level 
btoc = below top of casing 


TOC = top of casing Hydro-Geo Consultants, Inc. 
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APPENDIX A 


CROSS SECTIONS AND DRILLERS LOGS 
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Figure 1 
Ground Water Elevations 
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Figure 2 
Ground Water Elevations 
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Figure 3 
Ground Water Elevations 
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Figure 4 
Ground Water Elevations 
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Ground Water Elevations 
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Figure 7 
Ground Water Elevations 
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Appendix C 


Geochemical 
PHREEQC Modeling 


C1 — Model Input 


C 2 — Model Output 


* 


C1 — Model Input 


#legend wr=wall rock 
SELECTED OUTPUT 

=-file short.out 

-totals F Cl N(5) N(3) C(4) S(6) Na K Cu(1) Ag Ca Mg Ba Cd Cu(2) Pb Ni Zn Fe(2) Mn(2) Al 
Fe(3) Mn(3) As(3) As(5) 

-equilibrium_ phases Calcite Pyrite CO2(g) Alunite Gypsum Barite Siderite Boehmite 
Brochantite Jarosite-K Al4(OH)10S04 Antlerite Al(OH)3(a) Malachite Ferrihydrite Azurite Anglesite 
Otavite Smithsonite ZnCO3:H20 Ca3(As0O4)2:6H20 

-molalities Hfo sOCu+ Hfo_sOZn+ Hfo_sOHAsO4-3 Hfo_sAsO4-2 Hfo_sHAsO4- Hfo_sH2As04 
Hfo_sH2AsO3 Hfo_wOCu+ Hfo_wOZn+ Hfo_wOHAsO4-3 Hfo_wAsO4-2 Hfo_wHAsO4- Hfo wH2AsO04 Hfo_wH2As03 


END 
TITLE WR-1 
SOLUTION 1 WR-1 Massive Unaltered Limestone, no sulfide 
Units mg/1 
C -18000E+02 gfw 50.04460 
EF .22000E+00 
N(5) N(3) -67340E+02 
K . LOOOOE+01 
Na .20000E+01 Charge 
Ca -19100E+03 
Mg - 94000E+02 
S$ (6) - 70400E+03 
el . LOOOOE+01 
Al . LOOOOE+00 
As(5) As (3) -95000E-02 
Ba . LOOOOE+00 
Cd - LOOOOE-02 
€u(2) Cu(1) . LOOOOE-O1 
Fe(2) Fe(3) -30000E-01 
Pb . LOOOOE-01 
Mn(2) Mn(3) . LOOOOE-01 
Ni . 10000E-01 
Sr -20500E+01 as H4Si04 
Ag -50000E-02 
Zn . 10000E-01 
Temp 10.00 
pH 8.4 
pe Spee )y) 
PRINT 
-reset false 
END 
TITLE WR-2 
SOLUTION 2 WR-2 Massive Magnetite with calcite veining , low sulfides 
Units mg/L 
c -21000E+02 gfw 50.04460 
F . 12000E+00 
N(5) N(3) .25300E+02 
K . LOOOOE+01 
Na -10000E+01 Charge 
Ca - 76000E+02 
Mg - LOOOOE+02 
S(6) . 15700E+03 
CL . 1OO00E+01 
Al . 30000E+00 
As(5) As (3) -95000E-02 
Ba - LOOOOE+00 
Cd . LOOOOE-02 
cuz) u(t) LOC00B-01 
Fe(2) Fe(3) . 30000E-01 
Pb - 10000E-01 
Mn(3) Mn(2) .10000E-01 
Ni . LOOOOE-0O1 
Sy *.34220E+01 as H4Si04 
Ag - 50000E-02 
Zn -20000E-01 
pH eho 
e 325599 
Temp LONG 
PRINT 
-reset false 
END 


U:\166\dat\geomodel\remodel98\ebay | .inp 


TITLE WR-3 


SOLUTION 3 WR-3 Massive sulfide and magnetite 
Units mg/L 
& .31000E+02 gfw 50.04460 
EF .12000E+00 
N(5) N(3) .10145E+03 
K -11000E+02 
Na - 11000E+02 Charge 
Ca . 19000E+03 
Mg -23500E+03 
S (6) .14300E+04 
CL -20000E+01 
Al . LOOO00E+00 
As(5) As(3) - 95000E-02 
Ba . 10000E+00 
Cd .27000E-01 
Cu(2) Cu(1) .10000E-01 
Fe(2) Fe(3) . 18000E+00 
Pb . 10000E-01 
Mn(2) Mn(3) -43600E+01 
Ni . LOOOOE-01 
Su .30800E+01 as H4Si04 
Ag . 50000E-02 
zn .12200E+02 
pH 6.8 
pe S958) 
Temp 10.0 
PRINT 
=BeSetmralse 
END 
TITLE WR-4 


SOLUTION 4 WR4 Clastic with high S content 
Units mg/L 


Cc -20000E+01 gfw 50.04460 
F .28000E+00 
N(5) N(3) .12800E+03 
K .12000E+02 
Na -47000E+02 Charge 
Ca -40300E+03 
Mg .13200E+04 
S(6) - 64500B+04 
Gl . 12000E+02 
Al : . 33000E+01 
As(5) As(3) - 95000E-02 
Ba . LOOOOE+00 
Cd . 1O000E+00 
eu(Z2) Cu(l) .43100E+01 
Fe(2) Fe(3) .18500E+02 
Pb . LOOOOE-01 
Mn(2) Mn(3) -56700E+01 
Ni - 72000E+00 
Si -340000E+00 as H4Si04 
Ag - 50000E-02 
zn .31100E+01 
pH 4.8 
pe Siggy) 
Temp 10.0 
PRINT 
-reset false 
END 
TITLE WR-5 


SOLUTION 5 WR5 Clastic Low sulfide 
Units mg/L 


C -25000E+02 gfw 50.04460 
1% - L14000E+00 

N(5) N(3) -54930E+02 

K . 1OO000E+01 

Na - 60000E+01 Charge 

Ca -49000E+02 

Mg . L1000E+02 

S (6) .92000E+02 
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Cz . 10000E+01 


Al . 10000E+00 

As(5) As(3) - 95000E-02 
Ba . 10000E+00 

Ca . 10000E-02 

Cu(2) Cu(1) .10000E-01 
Fe(2) Fe(3) .11000E+00 
Pb . LOOO0E-01 

Mn(2) Mn(3) -40000E-01 
Ni . LOOOOE-01 

om -41000E+01 as H4Si04 
Ag -50000E-02 

Zn .20000E-01 

pH 8 

pe 2) SSS) 

Temp 10.0 

PRINT 


-reset false 
END 
TITLE Neutralized ARD 
SOLUTION 6 Neutralized ARD 
Units mg/1 


K . 10000E+01 

Na .80000E+01 Charge 
zn -16000E+01 . 

¢ -55000E+03 gfw 50.04460 
Ag . 10000E-01 

Ca . 68000E+03 

Mg . 30800E+03 

S (6) .25600E+04 

Gil . LOOOOE+01 

Al .30000E-01 

As(5) As (3) . 95000E-02 

Ba . LOOOOE+00 

Cai -300000-02 

Cu(2) Cu(1) .57000E+00 
Fe(2) Fe(3) .20000E-01 
Pb . LOOO0E-02 

Mn(2) Mn(3) -31500E+01 
Ni . 70000E-01 

Sib -54750E+02 as H4Si04 
Temp 10.0 

pH Teds 

pe 4.8136 

PRINT 


-reset false 
END 
TITLE LF120 SEEP 
SOLUTION 7 LF120 Seep 


Units mg/L 

F - 33000E+00 

N(5) N(3) .22200E+00 

K .30000E+01 

Na .13000E+02 Charge 
an -20000E-01 

Ca .37400E+03 

Mg .86000E+02 

S (6) -97800E+03 

CL .90000E+01 

Al .10000E+00 

As(5) As(3) .95000E-02 

Ba . LOO000E+00 

Cd +. LOOOOE-02 

Gu(Z)s Cut) PesLo000b=08 
Fe(2) Fe(3) .20500E+02 
Pb . LOO00E-01 

Mn(2) Mn(3) -27000E+00 
Ni .10000E-01 

Si -47910E+02 as H4Si04 
Ag -50000E-02 

e: .33400E+03 gfw 50.04460 
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Loe) 


Temp 10.0 
pH as 
pe -0.2068 
PRINT 
-reset false 
END 
TITLE ARD water without neutralizing 
SOLUTION 8 ARD Water without neutralizing 
Units mg/l 


K - LOOOOE+01 
Na -80000E+01 Charge 
zn 69.56 
Cc 2.0 gfw 50.04460 
Ag Oak 
Ca 362.0 
Mg 266 
S (6) 22000 
el - 10000E+01 
Al 256 
As(5) As(3) 114 
Ba - LOOOOE+00 
Cd O2s2 
Cu(2) Cub) 1300 
Fe(2) Fe(3) 8500 
PoP 0s 
Mn(2) Mn(3) 13 
Ni 0.48 
Temp 10.0 
pH 263 
pe 4.8136 
PRINT 

-reset false 
END 
TITLE Mix solution 1,2,3,4,5 
MIX a 
IO. LS0S 
2 0.2649 
B71 051214 
450752432 
5 0.2400 
SAVE Solution 9 
PRINT. 

-reset false 
END 
#Filling 


TITLE Mix solution 9,8,7 - Wall Rock,ard and 1fc120 
MIX uf 
9° 02521738 
8 0.000148 
THOS ATS iis 
SAVE Solution 12 
PRINT 
-reset false 
END 
TITLE Equilibrate mixed solution with pC02 -2.5 
EQUILIBRIUM PHASES 1 
COON Gey —2 55 0.0 
USE Solution 12 
SAVE Solution 18 
PRINT 
-reset false 
END 
#Full 
TITLE Mix solution 6,7 - neutralized Ard,1lfc120 
MIX aN 


6 0.686 
FeO e314 
SAVE Solution 30 
PRINT 

-reset false 
END 
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TITLE Equilibrate mixed solution with pCO2 -2.5 
- EQUILIBRIUM_PHASES 1 
COZ (GC) ae Zico 0.0 
USE Solution 30 
SAVE Solution 0 
PRINT 
-reset false 
END 
SURFACE 4 
Hfo_s 0.00025 600 5.4 
Hfo_w 0.0100 
-diffuse layer 
END 
7e2 LangesoLutrone, 2.0 
TITLE Equil. mixed solution fix.redox and pCO2=-2.5 
PHASES 
Pane ee 
e-=e- 
log_k 0.0 
EQUILIBRIUM_PHASES 0 
CO2G) = 255 0.00 
Use Solution 0 
Save Solution 0 


KNOBS 
-DIAGONAL SCALE True 
—StepEsLZe 1D 
-iterations 500 
-tolerance le-14 
-pemstep Size 5 

PRINT 
-reset false 

END 


#10% Pyrite,100 mV,-2.5 
TITLE Equil. mixed solution with CaCo3,fes2, fix redox and pCO2=-2.5 C-M 
PHASES 


Baxs €= 
e-=e- 
log_k 0.0 

EQUILIBRIUM PHASES 1 
Calezte 0.0 3.844 
Pyrite 0.0 CEOS 
CO2(g) -2.5 0.00 
hse — = W695 O25 10020 
Alunite 0.0 0.0 
Gypsum 0.0 0.0 
Barite 0.0 0.0 
Siderite 0.0 0.0 
Boehmite 0.0 0.0 
Brochantite 0.0 0.0 
Jarosite-K 0.0 0.0 
A14 (OH) 10S04 0.0 0.0 
Antlerite 0.0 0.0 
Al (OH) 3 (a) 0.0 0.0 
Malachite 0.0 0.0 
Ferrihydrite 0.0 0.0 
Azurite ORO 0.0 
Anglesite 0.0 0.0 
Otavite 0.0 0.0 
Smithsonite 0.0 0.0 
ZnCO3:H20 0.0 0.0 
Ca3(AsO4)2:6H20 0.0 0.0 


USE Solution 18 
USE Surface 4 
Save Solution 1 
Save Surface l 


KNOBS 
-DIAGONAL SCALE True 
SHES Sua, TEs) 
-iterations 590 
-tolerance le-14 


—pemscepmsuze S) 
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PRINT 


END 


-reset false 


#Full Solution 


TITLE 


PHASES 


Transport pore volumes (E—@) 
Fixee— 

e-=e- 

log_k 0.0 


EQUILIBRIUM PHASES 1 


Calcite 0.0 
Pyrite 0.0 
SOZG) i ia2 52 
Been 
Gypsum 
Alunite 
Barite 
Siderite 
Boehmite 
Brochantite 
Jarosite-K 
Al14 (OH) 10S04 
Antlerite 

Al (OH) 3 (a) 
Malachite 
Ferrihydrite 
Azurite 
Anglesite 
Otavite 
Smithsonite 
ZnCO3:H20 


Ca3 (AsO4)2:6H20 


TRANSPORT 


KNOBS 


PRINT 


END 


-cells 1 
-shifts 10 


-DIAGONAL SCALE 


=SUGo SaaS 
-iterations 
-tolerance 
-pemstepasitze 


-reset false 
-totals true 


-equilibrium_ phases 


-surface 


true 


yO 
(eo 
Lo) 
i 
~] 


fee) 
‘i 
(on) 


. 


oo oOo Co Oo 0O.0'O 0 0 0 oO.) oa 
oo o°0 oC 00 0 C00 0'°O 6 


true 
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C2 — Model Output 


SOLUTION _MASTER_SPECIES 
SOLUTION SPECIES 
SOLUTION SPECIES 

PHASES 
SURFACE_MASTER_SPECIES 
SURFACE_SPECIES 

END 


SELECTED OUTPUT 

file short.out 

totals F Cl N(5) N(3) C(4) S(6) Na K Cu(1) Ag Ca Mg Ba Cd Cu(2) Pb Ni Zn Fe(2) Mn(2) 
Al Fe(3) Mn(3) As(3) As(5) 

equilibrium phases Calcite Pyrite C02(g) Alunite Gypsum Barite Siderite Boehmite 
Brochantite Jarosite-K Al4(0H)10S04 Antlerite Al(OH)3(a) Malachite Ferrihydrite Azurite Anglesite 
Otavite Smithsonite ZnCO3:H20 Ca3(As0O4) 2:6H20 

molalities Hfo_sOCu+ Hfo_sOZn+ Hfo_sOHAsO4-3 Hfo_sAsO4-2 Hfo_sHAsO4- Hfo_sH2As04 
Hfo_sH2AsO3 Hfo_wOCu+ Hfo_wOZn+ Hfo_wOHAsO4-3 Hfo_wAsO4-2 Hfo_wHAsO4- Hfo_wH2As04 Hfo_wH2As03 

END 


TITLE WR-1 
SOLUTION 1 WR-1 Massive Unaltered Limestone, no sulfide 
Units mg/l 
Cc .18000E+02 gfw 50.04460 
FE .22000E+00 
NS) N(3) .67340E+02 
K . LOO00E+01 
Na .20000E+01 Charge 
Ca .19100E+03 
Mg - 94000E+02 
S$ (6) - 70400E+03 
Ci . LOOOOE+01 
Al . LOODOE+00 
As(5) As (3) .95000E-02 
Ba . 1O000E+00 
cd . LOOOOE-02 
G2) Guwi) - 10000E-01 
Fe(2) Fe(3) . 30000E-01 
Pb . LOOOOE-01 
Mn(2) Mn(3) - 10000E-01 
Ni . 1OOOOE-O1 
Si -20500E+01 as H4Si04 
Ag - J|O000E-02 
zn . LOOOOE-O1 
Temp 10.00 
pH 8.4 
pe Ski5599 
PRINT 
reset false 
END 
PETES 
WR-1 


Beginning of initial solution calculations. 


U:\166\dat\geomodel\remodel98\ebay | .out 


rr fi 
: Moh 8) is 
Ns 2 j oo 
os coddt ne ela ee wl bales eo ca te Sehine 
Qihahya ieee a Selle wAt Mahi sues ‘2a Hor ihe ver Bh ae 
+e ; ven ‘Whee 4 eo 7 80 
ay al wat Zedaleyiethe | Gy ih © site SiR ey 94 al ‘esPetin ls 


Al ve Ost V~§ Yi © i? id ose ark ‘- - fats 


if ‘ ’ \ 
Li » 
4 _ 
fy 
~ 
y 
- A. 
‘ 
f 7 - ’ 
Mf ® = wr ihe er _ 
a ’ : 
+ a es eto « 
7 me a i = 
th 
i* ; 
2 is P 
d } 3 ‘ a4 Lveit mek W 
( 
if zi . af, a _ 
on P« 
Hiv yOoGS. 
fin ees, (te 
wo Cee) 
al VadMUsc 
ek m4 . 
sive rdiny ple 
é : ‘4 
P 7 { 
‘ a“? Gf iy y - be 
' ry ai 
; O29 ‘D3 ae 
Pieue , y 
: Se a ft peal gl 
j >4 ie ij F 
TATIOH E « 
uw ' bof 7 | 
d i og ¥ oa] Ve] 
zt * : “CLG ¥. 
Ps ¢d< 


; . 7 i By ts . ie Le i 
P subsea in FO) ena’ Welt ivy 


Initial solution 1. WR-1 Massive Unaltered Limestone, no sulfide 


TITLE WR-2 
SOLUTION 2 WR-2 Massive Magnetite with calcite veining , low sulfides 
Units mg/L 
is -21000E+02 gfw 50.04460 
E .12000E+00 
N(5) N(3) -25300E+02 
K . LOOOOE+01 
Na -LOQ00E+01 Charge 
Ca - 76000E+02 
Mg - LOOOOE+02 
S (6) .15700E+03 
(ent - 10000E+01 
Al . 30000E+00 
As(5) As (3) -95000E-02 
Ba . LOOOOE+00 
(ete . 10000E-02 
€u(2) Cul) .10000B=01 
Fe(2) Fe(3) - 30000E-01 
Pb -10000E-01 
Mn(3) Mn(2) .10000E-01 
Ni -10000E-01 
Si .34220E+01 as H4Si04 
Ag -50000E-02 
Zn .20000E-01 
pH Siok 
pe Se 99 
Temp 10.0 
PRINT 
reset false 
END 
TIT 
WR-2 


Initial solution 2. WR-2 Massive Magnetite with calcite veining , low sulfides 


TITLE WR-3 

SOLUTION 3 WR-3 Massive sulfide and magnetite 
Units mg/L 

S. .31000E+02 gfw 50.04460 

F .12000E+00 

N(5) N(3) -10145E+03 

K .11000E+02 

Na -11000E+02 Charge 

Ca -19000E+03 
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i) 


Mg .23500E+03 


S (6) .14300E+04 
cil -20000E+01 
Al - LOOOOE+00 
As(5) As (3) - 95000E-02 
Ba - LOOOOE+00 
Cd -27000E-01 
Cu(2) Cu(1) .10000E-01 
Fe(2) Fe(3) . 18000E+00 
Pb - 10000E-01 
Mn(2) Mn(3) -43600E+01 
Ni - LOQQOE-O1 
Si -30800E+01 as H4Si04 
Ag - 50000E-02 
Zn - 12200E+02 
pH 6.8 
pe SSE) 
Temp 10.0 
PRINT 
reset false 
END 
TITLE 
WR-3 


Pnettal solutions. WR-3 Massive sulfide and magnetite 


TITLE WR-4 
SOLUTION 4 WR4 Clastic with high S content 
Units mg/L 


C -20000E+01 gfw 50.04460 
EF -28000E+00 

N(5) N(3) -12800E+03 

K - 12000E+02 

Na -47000E+02 Charge 
Ca -40300E+03 

Mg .13200E+04 

S (6) - 64500E+04 

Gal - 12000E+02 

Al -33000E+01 

As(5) As (3) -95000E-02 
Ba - LOQOOE+90 

Cd - 1OOO0E+00 

Cu(2) Cu(1) .43100E+01 
Fe(2) Fe(3) -18500E+02 
Pb - LOOOO0E-01 

Mn(2) Mn(3) -560700E+01 
Ni - 72000E+00 

Si -340000E+090 as H4Si04 
Ag - 50000E-02 

zn -31100E+01 

pH 4.8 

pe SP epeNe ES) 

Temp 10.0 

PRINT 


reset false 
END 
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Initial solution 4. WR4 Clastic with high S content 


TITLE WR-5 
SOLUTION 5 WR5 Clastic Low sulfide 
Units mg/L 
@ -25000E+02 gfw 50.04460 
F .14000E+00 
N(5) N(3) -54930E+02 
K - 1O000E+01 
Na . 6S0000E+01 Charge 
Ca -49000E+02 
Mg .-11000E+02 
S(6) - 92000E+02 
eal . LOOOOE+01 
Al . 10000E+00 
As(5) As(3) - 95000E-02 
Ba . LOOO0E+00 
Cd - LOOOOE-02 
Cu(2) Cu(1) .10000E-01 
Fe(2) Fe(3) . L1000E+00 
Pb . LOOOODE-O1 
Mn(2) Mn(3) -40000E-01 
Ni . LOOOOE-O1 
Si -41000E+01 as H4Si04 
Ag - 50000E-02 
zn -20000E-01 
pH 8 
pe SL Ses) 
Temp 10.0 
PRINT 
reset false 
END 
TITLE 
WR-5 


Initial solution 5. WR5 Clastic Low sulfide 


TITLE Neutralized ARD 
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SOLUTION 6 Neutralized ARD 
Units mg/1 


K - 10000E+01 

Na - 80000E+01 Charge 
Zn - 16000E+01 

Cc -55000E+03 gfw 50.04460 
Ag - LOOOOE-01 

Ca - 68000E+03 

Mg - 30800E+03 

S (6) -25600E+04 

cu . LOOO0E+01 

Al . 30000E-01 

As(5) As (3) -95000E-02 

Ba - LOOOOE+00 

Cd -300000-02 

Cu(2) Cu(1) .57000E+00 
Fe(2) Fe(3) -20000E-01 
Pb . LOOOOE-02 

Mn(2) Mn(3) -31500E+01 
Ni - 70000E-01 

Sit -54750E+02 as H4Si04 

mp 10.0 

te: eet 

pe 4.8136 

PRINT 


reset false 


Initial solution 6. ~Neutralized ARD 


TITLE LF120 SEEP 
SOLUTION 7 LF120 Seep 


Units mg/L 

F . 33000E+00 

N(5) N(3) .22200E+00 

K -30000E+01 

Na -13000E+02 Charge 
Zn .20000E-01 

Ca -37400E+03 

Mg -86000E+02 

S(6) -97800E+03 

Ei -90000E+01 

Al - 10000E+00 

As(5) As(3)i) .95000E-02 

Ba -10000E+00 

Cd - 10000E-02 

Cu(2) 2 Cu(®), .10000B+0L 
Fe(2) Fes) .20500E+02 
Pb -10000E-01 

Mn(2) Mn(3) -27900E+00 
Ni - 10000E-91 

Si -47910E+92 as H4Si04 
Ag -90000E-02 

E -33400E+93 gfw 50.04460 
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Tem 10.0 
pH lls eae 
pe -0.2068 
PRINT 
reset false 
END 
TITLE 
LF120 SEEP 


Initial solution 7. LF120 Seep 


TITLE ARD water without neutralizing 


SOLUTION 8 ARD Water without neutralizing 
Units mg/1 

K - 10000E+01 

Na -80000E+01 Charge 
zn 69.56 

€ 2.0 gfw 50.04460 
Ag Om 

Ca 362.0 
Mg 266 

S (6) 22000 

Gal .10000E+01 
Al 256 

As(5) As(3) 114 

Ba - 1LO000E+00 

Cd ORs2 

Cu 2) eeu (Ls 

Be(2)i se (3) 8500 

Pb O. £3 
Mn(2) Mn(3) un} 

Ni 0.48 

Temp 10.0 

a oe pe wee 3y 

e 4.8136 

PRINT 

Leset weralse 
END 


Lnveialysolutzones < ARD Water without neutralizing 


Reading input data for simulation 19. 
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TITLE Mix solution 1,2,3,4,5 
MIX 1 
IeOeLSOS 
2 0.2649 
BrOeu2i4 
4 0.2432 
5 0.2400 
SAVE Solution 9 
PRINT 
reset false 
END 


TITLE Mix solution 9,8,7 - Wall Rock,ard and 1fc120 
MIX 1 
OR OSes S 
8 0.000148 
ier rer) testes 
SAVE Solution 12 
PRINT 
reset false 
END 


TITLE Equilibrate mixed solution with pCO2 -2.5 
EQUILIBRIUM PHASES 1 
SOG) Naa 2< D O06 
USE Solution 12 
SAVE Solution 18 
PRINT 
reset false 
END 
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TITLE Mix solution 6,7 - neutralized Ard,1lfc120 
MIX i 
6 0.686 
7 0.314 
SAVE Solution 30 
PRINT 
reset false 
END 


TITLE Equilibrate mixed solution with pCO2 -2.5 
EQUILIBRIUM PHASES iL 
COZ) Ne —Z2 > 0.0 
USE Solution 30 
SAVE Solution 0 
PRINT 
reset false 
END 
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SURFACE 4 
Hfo_s 0.00025 600 5.4 
Hfo w 0.0100 


diffuse layer 


TITLE Equil. mixed solution fix redox and pCO2=-2.5 
PHASES 

ies 

e-=e- 

log_k 0.0 
EQUILIBRIUM PHASES 0 

COZG) 2) 0.00 

Use Solution 0 : 

Save Solution 0 


KNOBS 
diagonal scale True 
SEeumon ze as 
iterations 500 
tolerance Lesa 
pemstepesize 5) 

PRINT 
reset false 

END 


PITLE Equil. mixed solution with Gacospieso ye Elx TeGdOxeandspeO2——27 a0 C—M 
PHASES 
i 
e-=e- 
log_k 0.0 
EQUILIBRIUM PHASES al 
Calcite 0.0 3.844 
einen ere) OE) 0.05 
(loop) aS 0.00 
ECS =o Oo O25 20020 
Alunite 0) 
Gypsum 0 
Barite 0 
Siderite eh 
0 
0 


(=) 


Boehmite 
Brochantite 


(=) 
OOuxn@ (O Oyo 
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Jarosite-K 

A14 (OH) 10S04 
Antlerite 

Al (OH) 3 (a) 
Malachite 
Ferrihydrite 
Azurite 
Anglesite 
Otavite 
Smithsonite 
ZnCO3:H20 

Ca3 (AsO4) 2:6H20 
USE Solution 18 
USE Surface 4 
Save Solution 1 
Save Surface 1 


So O10 O10 Oro 1S, OG oree 


0 0.0 
-0 0.0 
0 0.0 
-0 0.0 
.0 0.0 
.0 0.0 
= 19) 0.0 
20 0.0 
0 0.0 
0 0.0 
0 0.0 
0) 0.0 


KNOBS 
diagonal _ scale True 
Srepysnze 75 
iterations 500 
tolerance le-14 
joe _Siesje) alee 5 

PRINT 
reset false 

END , 


Reaction step 1. 


Surface model iteration: 
Surface_model iteration: 
Surface_model iteration: 
Surface model iteration: 


Pm WDN Pe 


Pwo 


iterations 
iterations 
iterations 
iterations 


TITLE Transport pore volumes C—O 
PHASES 

BEE eme = 

e-=e- 

log_k 0.0 


EQUILIBRIUM PHASES 1 
Galertee O20 
Byanve O00 
COAG) wae ere 
Bixee = 
Gypsum 
Alunite 
Barite 
Siderite 
Boehmite 
Brochantite 
Jarosite-K 
Al4 (OH) 10S04 
Antlerite 
Al (OH) 3 (a) 
Maiachite 
Ferrihydrite 


Ge O.O1o o,.0 O00 CoO co oo o'W 


748 

.000 

00 

0 O27 710050 
0 92 Sle=2 
0 0.0 

0 7.035=7 
0 0.0 

.0 2.08E-5 
0 0.0 

-0 0.0 

-0 0.0 

a8 0.0 

.0 0.0 

0 0.0 

0 0.0 
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Azurite 0.0 
Anglesite 0.0 
Otavite 0.0 
Smithsonite 0.0 
ZnCO3:H20 0.0 
Ca3 (AsO4)2:6H20 0.0 

TRANSPORT 
cells 1 
shifts 10 

KNOBS 
diagonal scale True 
SeepesLZe 10 
iterations 500 
tolerance le-14 
Demsecoms une ia) 

PRINT 
reset false 
totals true 
equilibrium phases 
surface true 

END 

TITLE 
Transport pore volumes =O 


Surface model iteration: 1, 
Sumeaccsmodel tteration. 2, 
Surface _model iteration: 3, 


OoOO0O000 
oOoO0O000 


true 


OQ iterations 
2 iterations 
1 iterations 


Moles in assemblage 


Phase Si@Log iAP Log uke Initial 
Al (OH) 3 (a) ail 5 7G 9.67 11.43 0.000e+00 
Al14 (OH) 10S04 = dete) PA Ale oNS 22.70 ' 0.000e+00 
Alunite -0.79 =—2120 -1.50 0.000e+00 
Anglesite AS ON Sy ehal -7.87 0.000e+00 
Antlerite -11.67 =3.38 8.29 0Q.000e+00 
Azurite -11.61 -27.61 -16.00 0.000e+00 
Barite CROCE T0225 02205 7.08 0e=0r 
Boehmite 0.00 9.67 9.67 2.080e-05 
Brochantite = 4 3 1b Sade 15.34 0.000e+00 
Ca3(AsO4)2:6H20 -19.98 Ze 22.30 0.000e+00 
Calcite ~— 0.00 Sater ats -8.41 3.748e+00 
CO2 (g) -2.50 -20.68 -18.18 0.000e+00 
Ferrihydrite -0.54 Tey 18.31 0.000e+00 
jubyie 1S 0.00 0.00 0.00 

02 is reactant 1.000e+02 
Gypsum 0.00 -4.86 -4.86 9.510e-02 
Jarosite-K -4.65 2202: 26.68 0.000e+00 
Malachite 600 4 oi: -4.57 0.000e+00 
Otavite 0.20 siseee Sse y72 CHOoeS. Oe 
Pyrite -37.11 -128.02 -90.91 0.000e+00 
Siderite 0.00 -10.34 -10.34 0.000e+00 
Smithsonite =3)..95 ato le. 35 -9.83 0.000e+00 
Z2nGOS=H20 -3.12 -13.38 -10.26 0.000e+00 

Se a i Surface composition 
Hfo 
-3.147e-11 Net surface charge, eq 
=97snze=10 sigma, (C/m*72 
ie 556-02 psi 
=o 9se—01  —F*psi/RE 
4.680e-0l exp(-F*psi/RT) 
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Final 


1.410e-06 
Ze2228-09 


Be owe+O0 
4.091le-03 


1.000e+02 
Os 98e—02 


se20386-05 


OP WOORNODOOVOVOVOCO 


Delta 


.000e+00 
.000e+00 
-000e+00 
-000e+00 
.000e+00 
-000e+00 
OU Z2e—O 
paAZse—0'6 
-000e+00 
-000e+00 
-199e-03 
-091e-03 
-000e+00 


-474e-06 


2832e-03 
.000e+00 
.000e+00 
-000e+00 
.000e+00 
-203e-05 
-000e+00 
-000e+00 
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6.000e+02 specific area, m**2/g 


5.400e+00 mass, 


g 


Kg water in diffuse layer: 3.240000e-02 


Total moles in diffuse layer (excluding water) 


Element 
Ag 
Al 
As 
Ba 
Cc 
Ca 
Cd 
eu: 
Cu 
E 
Fe 


Hfo s 
2.500e-04 moles 


Species 


Hfo_sOHCat2 
Hfo_ sOZn+ 
Hfo_sOH 

Hfo_ sOCu+ 
Hfo_sOH2+ 
Hio sOGds 
Hfo_sOHSO4-2 
Hfo_sONi+ 
HEowsO> 
Hfo_sSo04- 
Hfo_sOPb+ 
Hfo_ sOHBat2 
Hfo_sOHAsO4-3 
Hfo_sH2As0O3 
Hfo_ sAsO4-2 
Hfo_sHAsO4- 
Hfo_sH2As04 


Hfo_w 
1.000e-02 moles 


Species 


Hfo_wOH 

Hfo_ wOH2+ 
Hfo_ wOHSO4-2 
Hfo_wO- 
Hfo_wOCat 
Hfo_wS04- 
Hfo_wOZnt+ 
Hfo_wOCu+ 
Hfo wONi+ 
Hfo_wOCd+ 
Hfo_ wOHAs04-3 
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Moles 
2.3660e-09 
1.6563e-08 
5.5888e-13 
6.5215e-10 
8.4192e-05 
2.2224e-04 
1.0418e-09 
3.7014e-06 
9 ose =10 
2.0234e-07 
2.3591e-06 
1.6759e-04 
1.2979e-06 
2.8646e-04 
1.1758e-06 
2.4779e-06 
7.8392e-05 
3.4590e-09 
3.1136e-03 
2.4326e-14 
6.9775e-04 
1.7491e-05 
3.0786e-09 


Moles 


-254e-04 
.383e-05 
.350e-06 
.038e-06 
-457e-06 
.171e-06 
wo0se=07 
.809e-07 
-974e-07 
.126e-07 
.350e-08 
.025e-09 
-398e-10 
-437e-12 
-647e-12 
.386e-12 
-140e-14 
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Moles 


-114e-03 
.048e-03 
-422¢e-904 
.181le-04 
-791e-04 
.583e-04 
313 1e=05 
-611e-05 
.828e-06 
-698e-07 
-7717e-07 


PIP rRPMOrR NM PW DN OD 


Log 
Moles 


31047); 
—Ae ooo 
=523502 
33) SE 
=5. 356 
yess sil 
-6.174 
=6.236 
=OnoO2 7, 
-6.948 
STi dS 
Boro 
-9.469 
-11.464 
aes 
Too 
135943 


Log 
Moles 


-2.214 
2G) 8 32) 
=3 3026 
= She 5 TA, 
=) 1054 
=oisoOL 
-4.671 
-4.793 
=O oso 
Op 4 
SOeoeL 


Molality 


2.254e-04 
1.383e-05 
4.350e-06 
2.038e-06 
1.457e-06 
1.171e-06 
6.703e-07 
5.810e-07 
2.974e-07 
1.126e-07 
6.350e-08 
3.026e-09 
3.399e-10 
3.437e-12 
1.647e-12 
1.386e-12 
1.140e-14 


Molality 


6.114e-03 
2.048e-03 
9.422e-04 
4.18le-04 
2.791e-04 
1.583e-04 
2alste-05 
waiGite—O'5 
1.828e-06 
7.698e-07 
4.777e-07 


Log 
Molality 


=—S G41 
-4.859 
Seis 
reco 
Say ans oils) 
SiS! 
-6.174 
=65256 
=6..920 
-€.948 
=) eT 
$3} 5 SHUS: 
=o 469 
-11.464 
1.7 es 
sail IEA ssoNs| 
=13943 


Log 
Molality 


=2 2214 
=—22069 
=3.026 
Tenet Si) 
=3 2054 
=3 00 
-4.671 
4.793 
=5 1SS 
-€.114 
Ge 
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Oi=eOTI E 
TO-eRESO,S 
sOengeva.f © ; 
S0~eeT es, £ : 
Hoh 238.5 ; 
a0-e2ylit ae 
ab-~er'te . i ae 2 
AQ we Sta Tf ; 7 
SOrerwts) .€ 
EO-eahgi.t i ee! 
PI -etiee.s zZ : a fs 
pheadt Te) a 
S-oleet.t =: 
BO-aFt0) 1 Jat 
oy. Yi: 
rolom *0-800E RE — = 2 
anlci coscege 
eO~epes 3 
fG-eGbe\ t 
b0-908E .b 
WoeHED. S 
eOneles, | 
iin 4 
CGreEOT 2 
TO-o@C G8 
rho60RS 
VO-wptd...f 
80-e6FE.3 
@o-0230.0 
Gf -sbe¢.¢ 
Sr-pt pa, £ 
Sieddet if 
brewdrl i 


Hfo_wH2As03 4.831le-09 -8.316 4.831le-09 =O3.16 
Hfo_wOPb+ 3.472e-09 (6) SAG) 3.472e-09 -8.459 
Hfo_wAs04-2 ZnSe -09 -8.636 2).315e-09 -8.636 
Hfo_wHAsO4- 1.948e-09 (2) Hae 1.948e-09 -8.710 
Hfo_ wOBat 5.415e-11 -10.266 Sea4use=1 L -10.266 
Hfo _wH2As04 1.602e-11 =10).. 7195 1.602e-11 = 0), 1S¥s) 
aac a SoLueroOne COMPOSE 1 ON == Geaes a> o> os aoe ae ae 
Elements Molality Moles 
Ag 7.748e-08 7.748e-08 
Al 5.089e-07 5.089e-07 
As 1.408e-11 1.408e-11 
Ba 2.352e-08 2.351e-08 
g 2.350e-03 2.350e-03 
Ca 7.598e-03 7.598e-03 
Cd 3.423e-08 3.423e-08 
Ci 1.018e-04 1.018e-04 
Cu 3.078e-08 3.078e-08 
Er; 5.714e-06 5.714e-06 
Fe 8. 1506-05 8. 150e-05 
K 4.345e-05 4.345e-05 
Mg 9.830e-03 9.829e-03 
Mn 4.046e-05 4.046e-05 
N 8.226e-05 8.226e-05 
Na 2.626e-03 2.626e-03 
Ni 1.091le-07 1.090e-07 
Pb 7.582e-13 7.58le-13 
S 1.775e-02 1.775e-02 
Su 55 97e—-04 5.397e-04 
Zn 1.021e-07 1.021e-07 
SSS SS ee DESera prdOn 20 tes OLUCL ON eee eS ae 
pH = 7.435 Charge balance 
pe = 0.000 Adjusted to redox equilibrium 
ACtivity Of water == One 99 
Ionic strength = 5.110e-02 
Mass of water (kg) = 95 999e-01 
Total alkalinity (eq/kg) = 2.244e-03 
Total CO2 (mol/kg) = 2.350e-03 
Temperature (deg C) = 10.000 
Electrical balance (eq) = 7.286e-10 
Iterations = iL 
Total H = 1.110102e+02 
Total O = 5.558285e+01 
Surface model iteration: 1, 0 iterations 
Surface model iteration: 2, 1 iterations 
Surface model iteration: 3, 0 iterations 
a a a ao a el Phase assemblage 9 = a ea 
Moles in assemblage 
Phase SE Leg elAb log KE Initial Final Delta 
Al (OH) 3 (a) sib 5 KS 9.67 11.43 0.000e+00 0.000e+00 
A14 (OH) i10S04 So hs AES) 22.70 0.000e+00 0.000e+00 
Alunite -0.80 ao) -1.50 0.000e+00 0.000e+00 
Anglesite = 92 nes. 7 9 -7.87 0.000e+00 0.000e+00 
Antlerite =i dee = 2 Ie 8.29 0.000e+00 0.000e+00 
Azurite =. 22-220 16 00m 0). 000e-00 0.000e+00 
Barite O00 7-10.22 —-16.220 1.41062069 12. 117e=-06)97.073e-07 
Boehmite 0.00 Cu tay 9.67) 2.2226405) 2. 305e-059 51 .423e-06 
Brochantite =13 00 teas 15.349 0. 0006700 0.000e+00 
Ca3(AsO4)2:6H20 -19.78 2s Gy 22.30 0.000e+00 0.000e+00 
Galeice 0.00 =840 -8.41 3.751e+00 3.754e+00 3.196e-03 
C92 (gi =2.50¥e-20.68 -18. 167 4.09%¢6-03) 38.182e703 174.091e-03 
Ferrihydrite -0.54 ANG! ate) 18.31 0.000e+00 0.000e+00 
Bainw = 0.00 0.00 0.00 
02 is reactant 1.000e+02 1.000e+02 7.475e-06 


U:\166\dat\geomodel\remodel98\ebay | .out 


13 


th oy : 
v y 
; : Fd i i 
rs) ; 7 _ : 
e224 
= ’ BIE. a> a a 
Ree, a . B-98t8,0 
~ 360 Se )\ 0-aEe 
Ort .8e a M0-28pe.f * 
Bot .0r- fiwedib. 2 ? 
get. OL-  {i-ettat Rees 


es ie ee, wast san =seegkse ; 


a eaten 

BO-aBEF.T 

(O-see0.é 
ri=s90) 1 
BO-ef2E.$ |, 80-888 F 
€0-p02e.S°  €0-808T, at ae va 
cO—weee T° eOuepee-P 
GOeetst.£ A0~etit_e mS 
bo-e6I0.£ bO-~etrO.f 9 = - © 
S0-e8TG.£  8O-peTO.£ - 
d0-abit.2 BO+sdiT.2 9 |. ® 
20-2022.0 @0-902L.8 “ 
20-900€.6 CO-et0Es? a ; 
£Q-0tS2.e KO-e0t8.@ t Is 
20=0880.% 20-e3b0.) ; 
20eeetS.8 Loder x 
fo-ensa.s O-<852.5 
8- 9080.6 hanes. I : : 
Cieerse.t €{-sber.y y ; 
So-sett.¢ Sd-oett.£ . 


jm ee moe 


»' 


upeidnseds nm) e¢bom 


bc~eTet.é 
TO-sIfG.f 


Mw 
mm 
- 


00a 
eee. 
G0-efI!. 
fO-ee2@e, 
CO-obes. 
EO-sGee,9 
OO0.OL 
bi=-s34F.T 
I 


ee sm i | 


SUseSOlLOLI.I 


i eworteusti G 
encitei9e7i J 
 geotieses2 o- 
a mote tet de elie spe ldasses CRBAGe~ o0- — + eee see . 


Fe 


‘TH pol GAT got 2 


p0-eTtt.2 
VO-#itG.t 


in Fa 

« ‘po Pa | 
~ stow ‘Me Y2ivisom,)) er 

@ igtewIe Siac Fa 
ow (gt) t9ye8 2o ees 

~ dyi\pe) yr tniledie ier 
+ fpa\ton) SOD Large ; 7 
‘1G psd) erveateqnet 

~ -ipd) soneled dasa: 


aner3a2es2 
8 fa20T 
oflsego? 


es no eseoa7d) Eas 
3 rpoLzeqeain’ 
ok ido lseset hh 


i) ea Led [sald latsinat 
004 #0G0.6 09+e000.0 €6,45. ‘A.€ a, Sue 
0640096.9 G0*e000.0 OF.88 24.45 . €h.I- 
O0e9099.0 204 #008, o 1 oe OL.S- 
Od+eb00 .6 00re000,0 TH.T+. at.éte- ie.f- 
6049090.0 | 06op0t OG €S.8-)  CR.S>* 
C5+9000.0. 0040009.90  O0,af- £8.7f- & 
Td-s€VO/, sO-eT EL. 9 a0eeole.T or : 
d3-2€S8.£. 29+et9E.S  eDewhiS,s 78.8 
104 a000.0, 9948000, 0 obt.ek 
69+9000,0° =I Pi 2o*v000 votd.o. MESS © 
CO-98CL.£ Owns 2T.© ObeelAs.e Lele- 
E4-sh00. 8; LO-e$9! .B Coreen. ahi 
o+9000,.0 o | at 


uf Obed 
JOuneth.t secon. ty ; 


HEOES 


Gypsum 
Jarosite-K 
Malachite 
Otavite 
Pyrite 
Siderite 
Smithsonite 
ZnCO3:H20 


19 3te-09 
oe Jole=08 
OMe O02 
—Wo13e—00 
4.67le-01 
6.000e+02 
5.400e+00 


Kg water in 
Total moles 


Element 
Ag 
Al 
As 
Ba 
C 
Ca 
Cd 
Cz 
Cu 
FE 
Fe 


2.500e-04 
Species 


Hfo_sOHCat2 
Hfo_sOZn+ 
Hfo_sOH 
Hfo_sOCut+ 
Hfo_sOCd+ 
Hfo_ sOH2+ 
Hfo_ sONi+ 


Hfo_SOHS04-2 


Hio-sO- 
Hfo_sSO4- 
Hfo_sOPb+ 
Hfo_sOHBa+2 


Hfo_ sOHAsO4-3 


Hfo_sH2As03 
HEOTSASOG'=2 
Hfo_sHAsO4- 
Hfo_sH2As04 


0.00 -4.86 -4.86 
-4.67 22.00 26.68 
= O10 ltl Zo. Ano, 

On OO Me 13) .072 eerie 

= 3 fil Omeeeteaon Ole 9 OR on 

OP0Cr 10345 e034 
re) Weis) meal. 8) Au, = 9.8/5 
—2 oo See le OE. 26 


Net surface charge, eq 
sigma, .G/mraZ 

DSi 

-F*psi/RT 

exp (-F*psi/RT) 
specific area, m**2/g 
mass, g 


diffuse layer: 3.240000e-02 


~-893e-02 
.000e+00 
.000e+00 
-000e+00 
.000e+00 
32203e-05 
0.000e+00 
0.000e+00 


oooOo°o”w 


in diffuse layer (excluding water) 


Moles 
2.3938e-09 
1.6563e-08 
f-20stGe—13 
6.5253e-10 
8.4173e-05 
2.2233e-04 
1.6453e-09 
3.6139e-06 
1.2391e-09 
1.9385e-07 
2.3601le-06 
1.5973e-04 
1.2485e-06 
2.8669e-04 
1.1920e-06 
2.1823e-07 
7.8189e-05 
4.5536e-09 
Sree OS 
3.2021e-14 
6.9733e-04 
Lea 738Se—05 
4.6186e-09 
moles 
Log 
Moles Moles 
2.180e-04 -3.662 
2.008e-05 —4.697 
4.217e-06 =5e S09 
2.662e-06 35) 25) 12) 
1.790e-06 -5.747 
1.411le-06 Son Bow 
7.404e-07 Ons. 
6.516e-07 -6.186 
2.887e-07 -6.540 
1.093¢e-07 =6.961 
8.092e-08 -7.092 
2p ZoS—09 -8.534 
4.163e-10 =9.381 
4.198e-12 =i e377 
2.014e-12 -11.696 
oo se 2 Sl Sak 
1.390e-14 -13.857 
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Molality 


.180e-04 
.008e-05 
-217e-06 
.662e-06 
-790e-06 
-411e-06 
-404e-07 
.516e-07 
-887e-07 
.093e-07 
-093e-08 
-925e-09 
.163e-10 
-198e-12 
.014e-12 
.693e-12 
-390e-14 
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1.028e-01 


7.258e-07 


6.619e-05 


9OOWONOOW 


Log 
Molality 


2oS3e-03 
-000e+00 
-000e+00 
-258e-07 
-000e+00 
-417e-05 
-000e+00 
-000e+00 
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ae), f- Fi 
tv? -ff= 


Hfo_w 


5 1.000e-02 moles 
Log Log 
Species Moles Moles Molality Molality 
Hfo wOH 6.103e-03 -2.214 6.103e-03 -2.214 
Hfo_wOH2+ 2.042e-03 =2'..690 2.042e-03 -2.690 
Hfo_wOHSO4-2 9.430e-04 =3 1025 9.431e-04 S022 
Hfo_wO- 4.179e-04 SSIS) 4.179e-04 = SiS 
Hfo_wOCat+ 2.783e-04 =5-. 050 2.783e-04 =o) SONS 
Hfo wS0O4- 1.582e-04 siete (Oil 1.582e-04 -SroUw 
Hfo wOZnt+ 3.186e-05 -4.497 3.186e-05 -4.497 
Hfo_wOCut+ 2.167e-05 -4.664 2.167e-05 -4.664 
Hfo_ wONi+ 2.399e-06 =e O20 2.399e-06 =o 1020 
Hfo wOCd+ 1.212e-06 -5.917  1.212e-06 -5.917 
Hfo_ wOHAs0O4-3 6.025e-07 =6.4220 6.025e-07 =6 5220 
Hfo_wH2As03 6.076e-09 =$.216 6.076e-09 18) AUS) 
Hfo_wOPb+ 4.556e-09 =8.341 4.557e-09 =3>534 
Hfo_wAs0O4-2 2.915e-09 =8. 539 2.916e-09 =8'1939 
Hfo_ wHAsO4- 2.450e-09 -8.611 2.450e-09 =8 612 
Hfo_ wOBat 5. s9se—iL0 -10.268 5.398e-11 — ait) PACKS: 
Hfo_wH2As04 220 D2e= ill -10.696 ZeOtZe—1 1 = 02696 
Seo SS SESS SS SSS SI eA Mle OM ONS UO 
Elements Molality Moles 
Ag 7.842e-08 7.842e-08 
Al 5.089e-07 5, 08 9Se—07 
As eve iL ee bak 
Ba 2.354e-08 2.354e-08 
Cc 2.349e-03 2.349e-03 
Ca 7.603e-03 7.603e-03 
Cd 5.408e-08 5.407e-08 
(eal 9.938e-05 9.938e-05 
) Cu 4.158e-08  4.158e-08 
: Ey 5.473e-06 5.473e-06 
Fe 8.156e-05 8.156e-05 
K 4.181le-05 4.180e-05 
Mg 9.840e-03 9.840e-03 
Mn 4.103e-05 4.103e-05 
N 7.246e-06 7.246e-06 
Na 2.620e-03 2.620e-03 
Ni 1.436e-07 1.436e-07 
Pb 9.980e-13 9.980e-13 
S Ie iSse=—C2 1.773e-02 
Sa 5.489e-04 5.489e-04 
zn 13533e-07) To 2e-O0m 


pH = 7.435 Charge balance 
pe = 0.000 Adjusted to redox equilibrium 
Activity of watexr = Ds 8S) 
Ionic strength = 5.105e-02 
Mass of water (kg) = 9.999e-01 
Total alkalinity (eq/kg) = 2.242e-03 
Total CO2 (mol/kg) = 2.349e-03 
Temperature (deg C) = 10.000 
Electrical balance (eq) = -3.146e-11 
Iterations = 0 
Total H = 1.110100e+02 


Total =) 5.558279e+01 
Subface modell iteration: 17, 0 iterations 
of] 


Sucrace Model tenationks 2, 1 iterations 
eas eae re a ics aa a aS PhS CRASS OMD LAG Cm a ee a 


Moles in assemblage 
O Phase SI@logelAP Log KE Initial Final Delta 
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Al (OH) 3 (a) 


A14 (OH) 10S04 


Alunite 
Anglesite 
Antlerite 
Azurite 
Barite 
Boehmite 


Brochantite 


ahs TiS 97 6i/ 11.43 
soi ye dL) 24599 22.000 0 
-0.80 SARE zal 
= OZeeeeto. HO = Het 
= Ooi =2.00 8.29 
=O emer 2 01.91 peo, 0.0 
OO ORO 2 28 AnD 22 
0.00 O36 7 ONG, 
— 18 2a Zs 15.34 


Ca3(AsO4)2:6H20 -19.62 2.68 22.30 


Calcite 
CO2 (g) 


Ferrihydrite 


BAS ROE 
02 
Gypsum 


Jarosite-K 


Malachite 
Otavite 
Pyrite 
Siderite 


Smithsonite 


ZnCO3 :H20 


> 0L0es1 1 
i. 492e-09 
1.86le-02 
in OZe Ou 
4.664e-01 
6.000e+02 
5 .400e+00 


0.00 -8.41 -8.41 
-2.50 -20.68 -18.18 
-0.54 Te AT 18.31 

0.00 0.00 0.00 

is reactant 

0.00 -4.86 -4.86 
-4.67 22700 26.68 
On tae O'S =4.57 

0.00 13 3725 3 a2 

-37.10 -128.01 -90.91 

0.00 -10.34 -10.34 
-3.25 -13.08 -9.83 
=-2 ..82. =13.08 -10.26 


Net surface charge, eq 
sigma, C/m**2 

DSi Vi 

-F*psi/RT 

exp (-F*psi/RT) 
specific area, m**2/g 
mass, g 


Kg water in diffuse layer: 3.240000e-02 


Total moles in diffuse layer (excluding 
Element Moles 
Ag 2.3944e-09 
Al 1.6563e-08 
As 8.4710e-13 
Ba 6.5240e-10 
E 8.4190e-05 
Ca 2.2230e-04 
Cd 1.6452e-09 
eal 3.6116e-06 
Cu 1.5628e-09 
F 1.9360e-07 
Fe 2.3598e-06 
H ie 5952/e=04 
K 1.2469e-06 
Mg 2.8666e-04 
Mn 1.1923e-06 
N 1.5214e-07 
Na 7.8174e-05 
Ni oP oO hose] 09 
(0) 3.1144e-03 
Pb 4.0052e-14 
S o.9764e-04 
Sa if i BIe=05 
Zn o.1886e-09 
2.500e-04 moles 
Log 
Species Moles Moles 
Hfo_sOHCat2 2.114e-04 OMS 
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2.365e-05 2.507e-05 1.423e-06 
0.000e+00 0.000e+00 
0.000e+00 0.000e+00 
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8.182e-03 1.227e-02 4.091e-03 
0.000e+00 0.000e+00 
1.000e+02 1.000e+02 7.477e-06 
1.028e-01 1.066e-O1 3.832e-03 
0.000e+00 0.000e+00 
0.000e+00 0.000e+00 
7.257e-07 2.569e-06 1.843e-06 
0.000e+00 0.000e+00 
6.619e-05 1.004e-04 3.417e-05 
0.000e+00 0.000e+00 
0.000e+00 0.000e+00 
water) 
Log 
Molality Molality 
2.114e-04 =3 675 
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Hfo_w 


Hfo_sOZn+ 
Hfo_sOH 
Hfo_sOCu+ 
Hfo_sOCd+ 
Hfo_sOH2+ 
Hfo_sONi+ 
Hfo_ sOHSO4-2 
Hfo_ sO- 
Hfo_sS04- 
Hfo_sOPbt+ 
Hfo_ sOHBa+2 


Hfo_sOHAsO4-3 


Hfo_sH2AsO3 
Hfo_ sAsO4-2 
Hfto sHAsO4— 
Hfo_sH2As04 


1.000e-02 moles 


Species 


Hfo_wOH 
Hfo_wOH2+ 


Hfo_wOHSO4-2 ~ 


Hfo_wO- 

Hfo_wOCat 
Hfo_ wsS04- 
Hfo wOZn+ 
Hfo_ wOCut+t 
Hfo_ wONit+ 
Hfo_wOCd+ 


Hfo_ wOHAsO4-3 


Hfo_wH2As03 
Hfo_ wOPb+ 
Hfo_ wAs0O4-2 
Hfo_ wHAsO4- 
Hfo_wOBat 
Hfo_wH2As04 


Elements 


Ag 
Al 
As 
Ba 
Cc 

Ca 
Cd 
CL 
Cu 
EF 


2.613e-05 
4.101e-06 
3.261e-06 
-738e-06 
.370e-06 
-868e-07 
-355e-07 
.812e-07 
-065e-07 
.830e-08 
.837e-09 
-896e-10 
-916e-12 
-366e-12 
-985e-12 
-628e-14 
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Moles 


-092e-03 
20356-0585 
-441e-04 
-178e-04 
-774e-04 
soeZ2e-04 
2256-05 
-724e-05 
-949e-06 
-208e-06 
sZ213e-07 
=304e-09 
-68le-09 
-514e-09 
=949e=09 
ssele=£2 
2,49 9e-24: 


NONWUOANYNRPNODN BRN BOND OD 


Molality 


.845e-08 
-089e-07 
ps2 eal 
.354e-08 
-349e-03 
.603e-03 
-408e-08 
-930e-05 
-245e-08 
-465e-06 
-156e-05 
.176e-05 
.84le-03 
2iOs5e-05 
.052e-06 
-620e-03 
sttLE=O7 
-248e-12 
sfi3e=02 
-492e-04 
.054e-07 


NOrRPRrFPRFPNUWP UB DWUNOMWNANNN YO 4 


PH = 
pe 


Activity of water = 
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Log 
Moles 
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Moles 
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5.089e-07 
Peels 2e— it 
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1.248e-12 
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5.492e-04 
2.054e-07 
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0.000 
0.999 


2. 613E—-05 
4.101le-06 
3.261e-06 
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1 985e-22 
1.628e-14 


Molality 
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-441e-04 
.178e-04 
.774e-04 
-582e-04 
-256e-05 
.725e-05 
-949e-06 
.208e-06 
-273e-07 
-304e-09 
- 682e-09 
-514e-09 
-949e-09 
-38le-11 
2.419e-11 
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Charge balance 
Adjusted to redox equilibrium 


mat Bes Sk 
Seoul 
-5.487 
5.760 
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=6. 092 
=O EST, 
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=e OO 
=§ 047 
=o SLU 
=117308 
sulle GRAS 
oi is Bra 6 
=S55786 
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Molality 


PP PeALS: 
—2e OF E 
=30025 
=32399 
=3 2950 
=3. 801 
Ae si. 
-4.565 
=712530 
=D. OLS 
=6.138 
=3), 136 


> kh 


To0. t= BO-9lf6.@ AE 
Thé..3- eO-oF C8.5 , 
ME.e- Qivedes.4 ee , 
AOE sEt~ ff<oTf@.b BOE 
z6.1f+ | SiesbatS BAP vo 
get. il- §i-of30.f SOP tie, =. 
BOT, £i-  birebia.g COT, Ee) & 
pol pol = 7 
(ileloM ytilalom room “uo low 
#r6o. &- £0-steo.@ &6.5- Estee .a 
{[taeS- £0<49T59-% f@a..Se £G-scro.s - 
250.E- bO-gis6.8  ££0,6- bO-a156.2 
ett.t- pb-e6(l.8 #tt.é- pO-aRie,¢ 
"2 .t- bOreSeT So . Tee, E+ bO-eb fT. S 
foo.€ Geass. £ fot .t- sO-alee lt 
Ive,8 eee Toe | ETE S- 2o-eadh id 
é3é .b- &o-e200.$ ‘208. 6- 20-284". ¢ 
2. ¢- BO-oth? .f£ oc?¢ . e+ ah-s004.8 
6id.é- ag~etot.f Gt¢.. 2 aQ-~G0S . 1 
act. d- "=e T4 .1 Off. ?- TOretyve.€ 
ert.a: 20-an0t t 3¢f,3- e6=apdt 
sat. e- CH-4 O88, 2 3$7.6- U0-e148. 2 
bed. B- Gh-9blé 0 deb Lae @O-erié .£ 
O68 .0- 20-eope. 5 nea, ee 60-8800 .¢ 
eagitie Ii-efec.¢  hah.Qte fi-al Gt .e 
913.0% Ift-selbes 4f3.o1- ii-ee@is.< 
dah ali: : who -o-mee Os SIROGEEO HOLY Loos 9—--= 
elon Yrilalom 
00-0808 ,T #o- ater .¥ 
TO-et80.2 £O-9f e0.e 
if-etei.s Lfl-sSELb:8 
a0-g02t.£ Sa-0b-2E.5 
G-e@U8 8 LO-e@ 46 i$ 
is ef-ef98.0 To-ettat 
SiefGt.2 #-e80d,F 
20-080 .@ 20-q0ee.e 
AG-e2bS.2 EGeotek.2 
AD-otae,.¢ 66-0605.2 
2 tG-@02t.@  £8-eacs.6-- 
20-o201,%  €O-20TL.8° 
CO-938.0 , Kivelhe.2 
20-701 .% €G-sC0i, 
‘fd aG-9100,% 80 es 
7 tO-2055.5- £00 : 
’ ‘ COotth, L- SOraiTh, 1M 
7 t Rieo8 e ft 
“{ i oz gl 4 4 
O-0l8b.e Ae 
(Ory  POORAO.S FD wR ee 
| <a 


7 4“ . ¥ o® 
a Ae a ae em em mt Selon wey by sy PUD : 


v 
7 


’ Wane » 


: Ais i 


“cae r 


— 


yee 


Ionic strength 5.104e-02 


Mass of water (kg) = 9-999e-01 

Total alkalinity (eq/kg) = 2.242e-03 

Total CO2 (mol/kg) = 2.349e-03 
Temperature (deg C) = 10.000 

Electrical balance (eq) = i SESH SAGE) 

Iterations = i 
Total H = 1.110100e+02 
Total O = 5.558279e+01 


Surface model iteration: 1, OQ iterations 
Surface model iteration: 2, Q iterations 
SS Sa ae ee Be IRIS, GIST ol) 2 a a er ae 


Moles in assemblage 


Phase SI log IAP log KT Initial Final Delta 
Al (OH) 3 (a) aa ® 9.67 11.43 0.000e+00 0.000e+00 
A14 (OH) 10S04 =a aS) 21555 22.707 0.000e+00 0.000e+00 
Alunite -0.80 ares 0 -1.50 0.000e+00 0.000e+00 
Anglesite =f or. OL -7.87 0.000e+00 0.000e+00 
Antlerite =L0. 03 -2.44 8.29 0.000e+00 0.000e+00 
Azurite -10.67 -26.66 -16.00 0.000e+00 0.000e+00 
Barite 0.0 Ome 02 2205 —10R22aee2 6 25e-O06m Ss 0826-06. OF SE507 
-Boehmite 0.00 ORG, 9.67 2.507e-05 2.649e-05 1.423e-06 
Brochantite —I2 286 2.46 15.34 0.000e+00 0.000e+00 
Ca3(AsO4)2:6H20 -19.49 Ze Od 22.30 0.000e+00 0.000e+00 
Calcite 0.00 -8.41 =O fie) 3. 758er 00003 761e+00 9is).195e-03 
CO2 (g) -2.50 -20.68 -18.18 1.227e-02 1.636e-02 4.091e-03 
Ferrihydrite -0.54 cer 18.31 0.000e+00 0.000e+00 
Fux e= 0.00 0.00 0.00 
02 is reactant 1.000e+02 1.000e+02 7.480e-06 
Gypsum 0.00 -4.86 -4.86 1.066e-01 1.104e-01 3.832e-03 
Jarosite-K Sa eGe)| Dang 26.68 0.000e+00 0.000e+00 
Malachite Ssqeyl Soe -4.57 0.000e+00 0.000e+00 
Otavite OROOn =USe 72-13). 72m 2-568e-06 4-409e-06 ee 4te—06 
Pyrite Si SOM 2G e,01—9 0S iam 0). 000e.00 0.000e+00 
Siderite O100) —=108s4" 5 =10.534 12004e-04" 1.345e-04 37 41ve—-05 
Smithsonite SClegkb) Sly alls -9.83 0.000e+00 0.000e+00 
ZnCO3:H20 =2 4.2 0e—U2 98) —h0 52/6 § 0) 000e+00 0.000e+00 
SSS SS SSE SS 25 SSS SumhacercOmpOsied ON—s aa ——e—s—- ~~ “estan 
Hfo 
-1.038e-10 Net surface charge, eq 
-3.092e-09 sigma, C/m**2 
1.864e-02 psi, V 
—2042e-01) —E*psi/RT 
4.657e-Ol exp(-F*psi/RT) 
6.000e+02 specific area, m**2/g 


5.400e+00 mass, g 
Kg water in diffuse layer: 3.240000e-02 


Total moles in diffuse layer (excluding water) 


Element Moles 

Ag 2.3942e-09 
Al 1.6563e-08 
As 9.9033e-13 
Ba 6.5226e-10 
(e 8.4210e-05 
Ca 2.2227e-04 
Cd 1.6451le-09 
(al 3.6124e-06 
Cu 1.8896e-09 
FE 1.9362e-07 
Fe 2.3594e-06 
H 1.5954e-04 
K 1.2467e-06 
Mg 2.8662e-04 
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Hfo_w 
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2.500e-04 moles 


Species 


Hfo_sOHCa+2 
Hfo_ sOZn+ 
Hfo_sOH 
Hfo_sOCut 
Hfo_sOCd+ 
Hfo sOH2+ 
Hfo_sONit+ 
Hfo_sOHSO4-2 
HEOWSO= 

Hfo sOPbt 
Hfo_sS0O4- 
Hfo_ sOHBa+2 
Hfo_sOHAsO4-3 
Hfo_sH2As03 
Hfo_ sAsO4-2 
Hto SHASO4— 
Hfo_sH2As04 


1.000e-02 moles 


Species 


Hfo_wOH 

Hfo_ wOH2+ 
Hfo_wOHSO4-2 
Hfo_wO- 
Hfo_wO0Cat 
Hfo_wS04- 
Hfo_wOZn+ 
Hfo_wOCut 
Hfo_wONit+ 
Hfo_wOCd+ 
Hfo_ wOHAsO4-3 
Hfo_wH2As03 
Hfo wOPb+ 
Hfo_ wAs04-2 
Hfo_wHAsO4- 
Hfo wOBat 
Hfo_wH2As04 


YRAPWOANRFREHR 


.1921e-06 
-5020e-07 
.8164e-05 
-6485e-09 
.1158e-03 
-8496e-14 
.9798e-04 
SUT99eE-—US 
-7924e-09 


Moles 


.051e-04 
.196e-05 
-990e-06 
.831e-06 
-689e-06 
So3ie-06 
.020e-06 
~20re-07 
-740e-07 
.156e-07 
.037e-07 
5 PSIZS=US: 
-590e-10 
~pe9e=i2 
-697e-12 
.260e-12 
.851e-14 


PNYUNOONRPHFENARPrFPRrP WWW PD 


Moles 


.082e-03 
-029e-03 
-452e-04 
.176e-04 
. 765e-04 
.581e-04 
-342e-05 
.284e-05 
-480e-06 
.204e-06 
-521le-07 
~oI9e-09 
.857e-09 
-llle-09 
-445e-09 
-364e-11 
SoZte=ia 


NOW BA DWAAOArFWWURrN &WON O 


Molality 


7.845e-08 
5.089e-07 
ZeAQGhe= Ut 
2.354e-08 
2.349e-03 
7.603e-03 
5.408e-08 
9/93 0e-—05 
6.343e-08 
5.465e-06 
Seis 6e-05 


Log 
Moles 


=3/, 000 
-4.495 
=5u 399 
-5.417 
SBaG) IA 
Hoo 16 
oR OO 
-6.208 
-6.562 
= Ot Si 
-6.984 
Ole D100 
= 3 258) 


stl 2SS 


= BSS, 


-11.646 
ASS S 


Log 
Moles 


=2.206 
PONS 
=3.024 
55S) /9) 
= Si, SK 
3.00) 
-4.272 
-4.484 
=i t 90 
— lee RS, 
=6.,0 70 
=8.070 
-8.164 
=8 306 
-8.463 


= BOR 2a 


10.550 
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Molality 


-051e-04 
.197e-05 
.990e-06 
.832e-06 
.689e-06 
.331e-06 
.020e-06 
.202e-07 
.740e-07 
.156e-07 
-038e-07 
.752e-09 
-591e-10 
-590e-12 
-698e-12 
.260e-12 
-85le-14 


Molality 


-082e-03 
-029e-03 
-453e-04 
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-342e-05 
-284e-05 
-481e-06 
-204e-06 
1522e-07 
poZ0e 509 
HooTe—09 
eLi2e—09 
-445e-09 
2364e=11 
seZ2Le=iL 
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K 4.176e-05 4.175e-05 
Mg 9.841e-03 9.840e-03 
Mn 4.105e-05 4.104e-05 
N 4.988e-06 4.988e-06 
Na 2.620e-03 2.620e-03 
Ni 2.096e-07 20 96E—O0i7 
Pb ie ouZe= 2 Jeo e=12 
S) inigse-O02 iei7se—02 
Si 5.492e-04 5.492e-04 
Zn 2.586e-07 2.00 60—Oih 


pH = 7.435 Charge balance 
pea 0.000 Adjusted to redox equilibrium 
Activity of water = 02999 
Ionic strength = 5.104e-02 
Mass of water (kg) = 9.999e-01 
Total alkalinity (eq/kg) = 2.242e-03 
Total CO2 (mol/kg) = 2.349e-03 
Temperature (deg C) = 10.000 
Electrical balance (eq) = S2010e—0i 
Iterations = 0 
Total H = 1.110100e+r02 
Total O = 5.558279e+01 
puBrece model rTterativon: 91, 0 iterations 
Surface model iteration: 2, 0 iterations 


Moles in assemblage 


Phase Si@iog IAP Log t kr Initial Final Delta 
Al (OH) 3 (a) = Le Gi 9.67 11.43 0.000e+00 0.000e+00 
Al14 (OH) 10S04 sae) ZL. DO 22.70 0.000e+00 0.000e+00 
Alunite -0.80 =2.30 -1.50 0.000e+00 0.000e+00 
Anglesite =1eot® "=15.54 -7.87 0.000e+00 0.000e+00 
Antlerite AOZo2 PIP AS 8.29 0.000e+00 0.000e+00 
Azurite -10.46 -26.45 -16.00 0.000e+00 0.000e+00 
Barite ORCOmME=T0.22) =10e22) SkoeZe-06 4.239e=06" 87 ,073e-07 
Boehmite 0.00 9.67 9.67 2.649e-05 2.79le-05 1.423e-06 
Brochantite -12.60 ea 15.34 0.000e+00 0.000e+00 
Ca3(AsO4)2:6H20 -19.37 2.93 22.30 0.000e+00 0.000e+00 
Calcite 0.00 -8.41 -8.41 3.761e+00 3.764e+00 3.195e-03 
CO2 (g) =2050m 20.68 =18218 Te686e-02" 2.045e-025"4.091e-03 
Ferrihydrite -0.54 Ly 18e3h 07 000e700 0.000e+00 
Fixee= 0.00 0.00 0.00 

02 is reactant 1.000e+02 1.000e+02 7.482e-06 
Gypsum 0.00 -4.86 =4506 1. 104e=01) 7 1s14se-01) 35832e-03 
Jarosite-K -4.67 22.00 26.68 0.000e+00 0.000e+00 
Malachite -6.17 -10.74 -4.57 0.000e+00 0.000e+00 
Otavite 0.00 -13.72 -13.72 4.409e-06 6.248e-06 1.839e-06 
Pyrite -37.10 -128.01 -90.91 0.000e+00 0.000e+00 
Siderite 0.00 -10.34 -10.34 1.345e-04 1.687e-04 3.417e-05 
Smithsonite 3190) eee 10 -9.83 0.000e+00 0.000e+00 
ZnCO3:HZO -2.64 -12.90 -10.26 0.000e+00 0.000e+00 


-074e-11 Net surface charge, eq 
mioee—-l Oe sigma ema 2 

~OOee=02 9 psi, Vi 

Woome- Ol =F *psi/RE 

-650e-01 exp(-F*psi/RT) 

.000e+02 specific area, m**2/g 
-400e+00 mass, g 


| . 
Wag & Ar wo WW 


Kg water in diffuse layer: 3.240000e-02 


Total moles in diffuse layer (excluding water) 
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Element 
Ag 

Al 

As 

Ba 

e 

Ca 

Cd 

EL 

Cu 


2.500e-04 
Species 


Hfo_sOHCat2 
Hfo_sOZn+ 
Hfo_sOCut+ 
Hfo_sOH 
Hfo_sOCd+ 
Hfo_sOH2+ 
Hfo_sONit+ 


Hfo_sOHSO4-2 


HEOUSO= 
Hfo sOPb+ 


_ HEo_sSo04- 


Hfo_ sOHBat2 


Hfo_sOHAsO4-3 


Hfo_sH2As03 
Hfo_ sAsO4-2 
Hfo sHAsO4— 
Hfo sH2As04 


1.000e-02 
Species 


Hfo_wOH 
Hfo wOH2+ 


Hfo wOHSO4-2 


Hfo_wO- 

Hfo wOCa+ 
Hfo_ wS0O4- 
Hfo wOZn+ 
Hfo wOCut+ 
Hfo_wONit 
Hfo_ wOCd+ 


Hfo_ wOHAs0O4-3 


Hfo_wH2As0O3 
Hfo_ wOPb+ 
Hfo wAs0O4-2 
Hfo_ wHAsO4- 
Hfo_wOBat 
Hfo_ wH2As04 


Moles 
2.3940e-09 
1.6564e-08 
1.1328e-12 
6.521le-10 
8.4230e-05 
2.2224e-04 
1.6450e-09 
3.6133e-06 
2.2195e-09 
1.9366e-07 
2.3590e-06 
1.5955e-04 
1.2465e-06 
2.8657e-04 
1.1919e-06 
1.5012e-07 
7.8153e-05 
7.6514e-09 
3.1173e-03 
5.7361le-14 
6.9834e-04 
1.7799e-05 
9.4296e-09 


Moles 


-990e-04 
.759e-05 
.374e-06 
.883e-06 
-641e-06 
-294e-06 
-141e-06 
.054e-07 
-671e-07 
.329e-07 
.Olle-07 
-670e-09 
-249e-10 
1219e—12 
-Olle-12 
.519e-12 
-060e-14 
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Moles 


-071e-03 
.022e-03 
-464e-04 
-175e-04 
- 756e-04 
.581le-04 
-444e-05 
.845e-05 
-992e-06 
-200e-06 
SOS =O7 
~123e-09 
.084e-09 
.707e-09 
-938e-09 
woace- il 
-220e-11 
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Log 


Moles 
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359 
411 
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Molality 


-990e-04 
.759e-05 
.374e-06 
.884e-06 
.641e-06 
.294e-06 
.141e-06 
.055e-07 
707 Le—Oi7 
.329e-07 
.O1lle-07 
.670e-09 
-250e-10 
222 0E=12 
-Olle-12 
-519e-12 
-060e-14 
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Molality 


1071eE=03 
.022e-03 
-465e-04 
.176e-04 
.756e-04 
-581e-04 
-444e-05 
-845e-05 
.992e-06 
.200e-06 
Sace—07 
~723e-09 
.084e-09 
.707e-09 
.938e-09 
.346e-11 
.220e-11 
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Elements Molality Moles 
Ag 7.845e-08 7.844e-08 
Al 5.089e-07 5.089e-07 
As 2.848e-11 2.848e-11 
Ba 2.354e-08 2.354e-08 
C 2.349e-03 2.349e-03 
Ca 7.603e-03 7.603e-03 
Cd 5.408e-08 5.407e-08 
eal 9.930e-05 9.929e-05 
Cu 7.451e-08 7.451e-08 
F 5.465e-06 5.464e-06 
Fe 8.156e-05 8.156e-05 
K 4.176e-05 4.175e-05 
Mg 9.841e-03 9.840e-03 
Mn 4.105e-05 4.104e-05 
N 4.986e-06 4.986e-06 
Na 2.620e-03 2.620e-03 
Ni 2.413e-07 2.413e-07 
Pb 1.788e-12 1.788e-12 
Ss Li773e-02 1.773e-02 
Si 5.492e-04 5.492e-04 
Zn 3.130e-07 3.130e-07 


pH = 7.435 Charge balance 
pe = 0.000 Adjusted to redox equilibrium 
Activity of water = 05995 
Tonic strength = 5.104e-02 
Mass of water (kg) = 9.999e-01 
Total alkalinity (eq/kg) = 2.242e-03 
Total CO2 (mol/kg) = 2.349e-03 
Temperature (deg C) = 10.000 
Electrical balance (eq) = -1.038e-10 
Iterations = 0 
Totalen a= 1, 110V00e+02 
Rocale@me— 5.5582 79e+01 


Surface model iteration: 1, 0 iterations 
Surface modeliteration:) 2, 0 iterations 
ee Suet ST SS ae ee ae Phase ass Cini LAG C3 ee a 


Moles in assemblage 


Phase Sieloge iAP og KT Peeve! Final Delta 
Al (OH) 3 (a) Sh WS 9.67 11.43 0.000e+00 0.000e+00 
A14(OH)10S04 iS) 24-55 22.70 0.000e+00 0.000e+00 
Alunite -0.80 Sn SO) -1.50 0.000e+00 0.000e+00 
Anglesite -7.60 -15.48 -7.87 0.000e+00 0.000e+00 
Antlerite SAhO}< 3)S) -2.04 8.29 0.000e+00 0.000e+00 
Azurite -10.28 -26.27 -16.00 0.000e+00 0.000e+00 
Barite 0) OOmE=tOe22 V0 2c" 4.239e-065 84. 946e-06. 97.0 73e-07 
Boehmite 0.00 9.67 9.67 2.791e-05 2.934e-05 1.423e-06 
Brochantite -12.35 2.99 15.34 0.000e+00 0.000e+00 
€asi(ASO4)256H20 —-19'.27 Sos 22.30 0.000e+00 0.000e+00 
Calcite 0.00 -8.41 Onde So e4erO0nns. Tover00 8 Fs. 195e-03 
C02 (g) -2.50 -20.68 -18.18 2.045e-02 2.454e-02 4.091e-03 
Ferrihydrite -0.54 Ra Tit) 18.31 0.000e+00 0.000e+00 
Fix_e- 0.00 0.00 0.00 

C2 is reactant 1.000e+t02 1.000e+02 7.485e-06 
Gypsum 0.00 -4.86 -4.86 1.143e-01 1.18le-01 3.832e-03 
Jarosite-K -4.67 228.00 26.68 0.000e+00 0.000e+00 
Malachite -6.05 -10.62 -4.57 0.000e+00 0.000e+00 
Otavite 0.00 =13.72 —-l3-72@ 6.248e-06 8.086e-06> 2 837e-06 
Pyrite -37.10 -128.01 -90.91 0.000e+00 0.000e+00 
Siderite QaO0 m= TOeStme—1Ossdm dace tTe—04 922029e-045 3.41 7e-05 
Smithsonite =5 , 00ue—2.83 -9.83 0.000e+00 0.000e+00 
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ZnCO3 :H20 -2.57 -12.83 -10.26 0.000e+00 0.000e+00 
ce eT ge ee EE ae ee, Forlace compass On eee 
Hfo 

2.502e-12 Net surface charge, eq 
7.450e-11 sigma, C/m**2 
iwesyze-O02 “psi, V 
-7.673e-01 -F*psi/RT 
4.643e-01 exp(-F*psi/RT) 
6.000e+02 specific area, m**2/g 
5.400e+00 mass, g 

Kg water in diffuse layer: 3.240000e-02 

Total moles in diffuse layér (excluding water) 

Element Moles 

Ag 2.393¢8e-09 

Al 1.6564e-08 

As 1.2745e-12 

Ba 6.5196e-10 

.S 8.4251e-05 

Ca 2.2220e-04 

Cd 1.6449e-09 

et 3.6143e-06 

Cu 2.5525e-09 

F 1.9370e-07 

Fe 2.3587e-06 

H 1.5957e-04 

K 1.2464e-06 

Mg 2.8653e-04 

Mn 1.1917e-06 

N 1.5010e-07 

Na 7.8143e-05 

Ni 8.6247e-09 

O 3.4 t8 96-05 

Pb 6.6656e-14 

iS} 6.9871le-04 

Si le O9e—05 

Zn 1.1099e-08 
Hfo_s 

2.500e-04 moles 
Log Log 

Species Moles Moles Molality Molality 

Hfo_ sOHCat2 ioste—U4 -3.714 P793te-04 -3.714 

Hfo_ sOZn+ 4.302e-05 -4.366 4.302e-05 -4.366 

Hfo sOCut 4.890e-06 epee 4.891e-06 —3 SEL 

Hfo_sOH 3.781e-06 =o E22 3.781le-06 -5.422 

Hfo_sOCd+ 12 5956-06 =e od 1.595e-06 SST 

Hfo_sOH2+ Te257eE—-06 S25 5) 01! 1.258e-06 —3 900 

Hfo_ sONit+ 1.250e-06 =5-903 1.250e-06 =—5 29038 

Hfo_ sOHSO4-2 5e9rse-67 -6.228 5.914e-07 -6.228 

Hfo_sO- 2.605e-07 -6.584 2.605e-07 -6.584 

Hfo_ sOPb+ 1e50%e-07 -6.824 1.502e-07 —6.823 

Hfo sSO4- 9.8€2e-08 -7.006 9.863e-08 -7.006 

Hfo sOHBat+2 2.592e—-09 -8.586 2.592e-09 -8 .586 

Hfo_sOHAsO4-3 6.875e-10 obs 6.875e-10 —JotGs 

Hfo_sH2As03 6.809e-12 2472267 6.809e-12 =tLt1oy 

Hfo_sAs0O4-2 3.30fe-1 -11.481 aes OTe— hz -11.481 

Hfo_sHAsO4- 2.162e-12 mide Oo 2.762e-12 192559 

Hfo sH2As04 PA ora ye |r ae iS S641 22295e-14 -13.647 
Hfo _w 

1.000e-02 moles 
Log Log 
Species Moles Moles Molality Molaiity 
Hfo_wOH 6.060e-03 =2 S218 6.061e-03 = 2 ee 
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Hfo_wOH2+ 
Hfo_wOHSO4-2 
Hfo_wO- 
Hfo_wOCat 
Hfo_wS0O4- 
Hfo_wOZn+ 
Hfo_wOCut 
Hfo_ wONit+ 
Hfo_wOCd+ 
Hfo_ wOHAsO4-3 
Hfo_wH2As0O3 
Hfo_ wOPb+ 
Hfo wAs0O4-2 
Hfo_wHAsO4- 
Hfo wOBat+ 
Hfo_wH2As04 


Elements 


Ag 
Al 
As 
Ba 
Ec 

Ca 
Cd 
ah 
Cu 


2.015e-03 
9.478e-04 
4.175e-04 
2.747e-04 
1.581le-04 
7.560e-05 
4.408e-05 
4.485e-06 
.196e-06 
.102e-06 
-091e-08 
-362e-09 
-300e-09 
-427e-09 
5 Sse I 
~o014e-1) 


COMO AES CHO) fs irat pt 


Molality 


7.845e-08 
3.08 9e—07 
S720se—i 
2s ose—08 
2.349e-03 
TASS 02 
5.408e-08 
9)7930e—-05 
8.571e-08 
5.465e-06 
Seo oe 05 
4.176e-05 
9.841e-03 
4.105e-05 
4.986e-06 
2.620e-03 
Zed Z0E=0)/ 
2.07 8E-12 
1..773¢e-02 
5.492e-04 
3.684e-07 


pH 
pe = 


ING EINE, Ce Wier = 


fonie strengeh j= 

Mass of water (kg) = 

Total alkalinity (eq/kg) 
Total CO2 (mol/kg) 
Temperature (deg C) = 
Electrical balance (eq) = 
Iterations = 

Total H 

Total O 


I 


Surface modell iteration: I, 


= 9B, ANS 
=3 50235 
= Bhp eke) 
=D Od 
=3 801 
-4.121 
-4.356 
-5.348 
ASA VRE 
= Olyoo G 
= NS 
-8.029 
-8.276 
-8.354 
SIN) 2S 
-10.442 


Moles 


7.844e-08 
5.089e-07 
Sin ZO Siew 
2.354e-08 
2.349e-03 
7.603e-03 
5.407e-08 
9.929e-05 
8.570e-08 
5.464e-06 
8.156e-05 
4 115e—-05 
9.840e-03 
4.104e-05 
4.986e-06 
2.020e—03, 
Poy VALS ACT 
2200 Fe=1Z 
1.773e-02 
5.492e-04 
3.684e-07 


2435 
.000 
nooo 
-104e-02 
-999e-01 
-242e-03 
-349e-03 
.000 
-074e-11 


hr 
OWONNWWO)DO 


1.110100e+02 
Sa5o8279e+04 


QO iterations 


2.016e-03 -2.696 
9.478e-04 -3.023 
4.175e-04 SEIS Se 
2.747e-04 3). 9101. 
1.581le-04 -3.801 
7.560e-05 a4.12h 
4.408e-05 -4.356 
4.485e-06 -5.348 
1.196e-06 =) ae 
1.102e-06 eA) oe pons: 
1.091e-08 =} 3 NEA 
9.363e-09 —O029 
5.300e-09 =O. 21 © 
4.427e-09 -8.354 
Sas2ce— ii OZ 
Ssoiste=11 -10.442 


Charge balance 
Adjusted to redox equilibrium 


Moles in assemblage 


Surface model iteration: 2, 1 iterations 
SESS SS SSS Phase assemblage 
Phase SI log IAP log KT 
Al (OH: 3 (a) =, 16 9.67 1g. 4:3, 
Al4 (OH) 10S04 ales) Ze 5S 22.70 
Alunite -0.80 pa 0) =O 
Anglesite ao Meio dy ath oes) 7! 
Antlerite Sait alrO.s 8.29 
@ Azurite —LOpiibee—2o.tt 16.00 
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Initial Final Delta 
0.000e+00 0.000e+00 
0.000e+00 0.000e+00 
0.000e+00 0.000e+00 
0.000e+00 0.000e+00 
0.000e+00 0.000e+00 
0.000e+90 0.000e+00 
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} a eat a 
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i re | Oty = 


ae a rs ee 
= pee rene? AT so “eats sa Nolen vente 
; . < 
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--noizufoa Fo WoL IQL ADEE Mes wenn ee 


peste aa 
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ey-90b0.0 iad 
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Hfo s 


Barite 0.00 -10.22 -10.22 4.946e-06 5.653e-06 
Boehmite 0.00 9.67 9.67 2.934e-05 3.076e-05 
Brochantite =i ae 3220 15.34 0.000e+00 
Ca3(As04)2:6H20 -19.18 83.42 22.30 0.000e+00 
Calcite 0.00 -8.41 -8.41 3.767e+00 3.770e+00 
C02 (g) -2.50 -20.68 -18.18 2.454e-02 2.864e-02 
Ferrihydrite -0.54 uD Fee | 18.31 0.000e+00 
Pikes 0.00 0.00 0.00 
02 is reactant 1.000e+02 1.000e+02 
Gypsum 0.00 -4.86 -4.86 1.18le-01 1.219e-01 
Jarosite-K AGT 22.09 26.68 0.000e+00 
Malachite eye aay -4.57 0.000e+00 
Otavite 0.00%5=13.72 =13272) 8_08S5e-06' -9.924e-06 
Pyrite -37.10 -128.01 -90.91 0.000e+00 
Siderite 0.00 -10.34 -10.34 2.029e-04 2.370e-04 
Smithsonite —2, 9302 7G -9.83 0.000e+00 ; 
ZnCO3:H20 -2.50 -12.76 -10.26 0.000e+00 
SSS 5 SSS 2S S25 = SS a Suis facescommuset! OR. 4 = =>] eS 

-7.752e-12 Net surface charge, eq 
-2.309e-10 sigma, C/m**2 

12876e—02; psi, V 
-7.689e-01 -F*psi/RT 

4.635e-01 exp(-F*psi/RT) 

6.000e+02 specific area, m**2/g 

5.400e+00 mass, g 
Kg water in diffuse layer: 3.240000e-02 
Total moles in diffuse layer (excluding water) 
Element Moles 
Ag 2.3936e-09 
Al 1.6564e-08 
As 1.4153e-12 
Ba 6.5180e-10 
© 8.4272e-05 
Ca 2.2217e-04 
Cd 1.6448e-09 
Ci 3.6152e-06 
Cu 2.8886e-09 

F 1.9375e-07 
Fe 2.3583e-06 
H 1.5959e-04 
K 1.2462e-06 
Mg 2.8648e-04 
Mn 1.1915e-06 
N 1.5008e-07 
Na 7.8132e-05 
Ni 9.5684e-09 
re) 3.1205e-03 

Pb 7.6390e-14 
S 6.9910e-04 
Sr 1.7799e-05 

zn 1.2801e-08 

2.500e-04 moles 

Log 

Species Moles Moles Molaiity Molal 
Hfo_ sOHCat+2 1.875e-04 =—sea20 1.875e-04 ae 
Hfo sOZn+ 4.825e-05 -4.317 4.825e-C5 =§ 
Hfo_sOCu+ 5.382e-06 Sis 2 69 5 .383e-C6 = Sie 
Hfo_sOH 3.683e-06 -5.434 3.683e-C6 iy 
Hfo_sOCd+ 1.55le-06 -5.809 1 -551e-—6 a3 ye 
Hfo_ sONi+ 1.348e-06 -5.870 1.349e-C6 aie 
Hfo sOH2+ 1.223e-0€ —peota 1.223e-C6 =5 
Hfo_sOHSO4-2 5.778e-07 -6.238 5 .779e-G7 —6. 
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0.000e+00 


7.488e-06 

.832e-03 
.000e+00 
.000e+00 
.836e-06 
.000e+00 
-417e-05 
.000e+00 
.000e+00 


ooworood’ W 


Log 
Ey 


b2 WO CO WO he IO WwW st 
WerNIOW DH NH 
WOWwWoWwW Ff wo wn 


S0=9ERb 1 RO~8 
a Ode en a, 
oon on - x 
£0-aéer “naasor®. a av.t 
iY oo+s000. ® alee + +829 


, = 7" : 


FO-034s. aa sesennd. re gouscoo.t.. i , 
tQ~9S.E3.. fo-e@1S5.2) £0-al8l 8 
O0+nO0d, Goref0d.0° #3.aS 

GO+a000. OeeG00.0 Tete © 18.9 
a0-vdtS. 2) B-OLS2. BseteO,.8 “ST. el , 
05-5600 .0) 6 h0+0000.9 ye.or de. 
20-8 td. bO-eores £  b0-e€52.4 $F.0 

UOve000. 9) O649090.0° t8.e 
G9¢9000 OOeH00G.6 ate 


Sohemsom: 


— 


Wr Ste! 02. 
: Mite I~ rapte- renee henge G26 Php -enistencarale laa “— 
514 ’ g ; : e@iy7 

pe \sprety eoetxus Je 

Semee\D) mip 


M seq Siw 
- RA\lag t= 
; (7a\laqg*t-)qxe = & 
osS**m. pete DLiisoeda sf 
g beam OF 


40-20nobs ct saeyuk peuttib ni 
ome ‘2sdeu ethyitoxne) ieyed deudtib ni oa last bes = 
. : i) 


ention 
Chr ebESE .F ay 

' ~ = 2 HO - 26526. i ry 
Rf=stéie lt él 
pi ehewot1e.3 ! 
. SHhreS lS 2 if 

wher ZES, S ; 
7O-9FOh2 , 1 
. | a0=a21a.t, ‘A } 
| ere ae Ww 
(O-effee..t vy <a 

ad-et #ee.$ 

a bg g@Gee. mM 3. 
| bd~bReoe 5 ; 
i , ee ett ee ae ee 
, | AO m8IGR Eo ae 
i Get "9 O+e8Oh2 Lins | (acne 
6 * -ib Ley F 5 hey 


4 Ati pao Be gs” 
pol f . 
Xataaron : ; 


= as 


eeerey ar mi 


bas Ba bah 


ie 1 Se 
no u f 


hie, weer | ybbsin 


Hfo w 


U:\1] 66\dat\geomodel\remodel98\ebay 1 


Hfo_sO- 
Hfo_sOPb+ 
Hfo_sS0O4- 
Hfo_sOHBa+2 
Hfo_ sOHAsO4-3 
Hfo_ sH2As03 
Hfo_sAsO4-2 
Hfo_ sHAsO4- 
Hfo_sH2As04 


-54le-07 
~ONSe=O07 
-621e-08 
7 L6e-09 
-468e-10 
-360e-12 
-986e-12 
eo Oule SUZ 
-438e-14 


NN WAIAIN OF ND 


1.000e-02 moles 


Species 


Hfo_wOH 
Hfo_wOH2+ 
Hfo_wOHSO4-2 
Hfo_wO- 

Hfo wOCat 
Hfo _wS0o4- 
Hfo_wOZn+ 
Hfo_wOCut 
Hfo_ wONi+ 
Hfo_ wOHAsO4-3 
Hfo_wOCd+ 
Hfo_wH2As03 
Hfo_wOPb+ 
Hfo_wAsO4-2 
Hfo_wHAsO4- 
Hfo_wOBat+t 
Hfo_wH2As04 


Elements 


Ag 
Al 
As 
Ba 
G 

Ca 
Cd 
Cl 


Moles 


.049e-03 
-008e-03 
-492e-04 
.174e-04 
-737e-04 
.580e-04 
-690e-05 
-972e-05 
-959e-06 
-227e-06 
.192e-06 
-209e-08 
.069e-08 
-891e-09 
-913e-09 
.309e-11 
-004e-11 


POP OPRrPrPrPE PORN BON O 


Molality 


-845e-08 
2089e=07 
FOODIE 
-354e-08 
3 496-05 
-603e-03 
-408e-08 
CSOs) 
2f0Le—06 
-465e-06 
-156e-05 
-L76e-05 
-84le-03 
~L05e-05 
-986e-06 
.620e-03 
OL Oi 
-381le-12 
7 3se—02 
-492e-04 
se DUC = Oi 


BORPrNWNHAROHBDANMWOUUNAITNNWW +) 


pa 
Dos = 


Activity of water = 

lonic strength = 

Mass of water (kg) = 

Total alkalinity (eq/kg) = 


Total €O2 
Temperature 


Electrical balance 


(mol/kg) = 
(deg C) = 
(eq) ia— 


Iterations = 


Out 


bh 
rFPNONNWOMOO 4 


7 
5) 
3 
2 
2 
7 
5 
9 
9 
5 
8.156e-05 
4 
9 
4 
4 
2 
3 
z 
al 
5 
4 


=6)095 
aN TAS 
= fel O)sLey/ 
=§ 3599 
2) 12 
eso 
-11.445 
— io Ze 
= 3 OWS 


Log 
Moles 


SP 
ae 
ie 
She 
3 
33 
-4. 
ee, 
Ore 


ZnS 
697 
023 
SITS 
563 
801 
061 
304 
305 
Sy owe Nige 
-5.924 
Ff 5 Sus! 
eel 
Asin HO 
-8.309 
=O 275 
=105398 


Moles 


-844e-08 
.089e-07 
-554e-11 
-354e-08 
-349e-03 
- 603e-03 
-407e-08 
eo2 26-09 
-700e-08 
-464e-06 


FL g5E—05 
.840e-03 
.104e-05 
-986e-06 
-620e-03 
201 7e-07 
see iema 
.773e-02 
.492e-04 
.249e-07 


SESS) 
-000 
ooS 
-104e-02 
BIlIe— Ou 
pe a3e—035 
SAS = US. 
.000 
so 02e—12 


2.541e-07 
toi 3e—O07 
9. 6226-06 
2.oLee—U9 
7.469e-10 
7. 3ene-12 
32 580e=12 
2299 1e=—22 
2.438e-14 


Molality 


-050e-03 
.009e-03 
-492e-04 
.174e-04 
.737e-04 
-580e-04 
-690e-05 
-972e-05 
-959e-06 
.227e-06 
-192e-06 
.209e-08 
.069e-08 
.891le-09 
-913e-09 
moLde=11 
.004e-11 


POP OPRPrRrP BP PORN BON OD 


Charge balance 


Adjusted to redox equilibrium 


Oe 599 
-6.776 


ifs 
-8. 
Oe 
=i 
abil 
catels 
sib) 


017 
599 
129 
133 
445 
524 
613 


Log 


Molality 


=20. 
Bae 
= She 
es Sye 
Sit 
BSc 
Vib 
=n 
Salus 
= Sy 
=i 
=I] 
sa 
=5). 
—Gis 
= u)e 
OF 


218 
697 


Total H 1.110100e+02 
Total O = 5.558279e+01 


Surface model iteration: 1, 
Surface model iteration: 2, 


Q iterations 
1 iterations 


Moles in assemblage 


Phase SI log IAP log KT Initial Final Delta 
Al (OH) 3 (a) i 1S 9.67 1..43°5 0. 000e+00 0.000e+00 
A14 (OH) 10S04 i WS Zave55 22.70 0.000e+00 0.000e+00 
Alunite =0.:80; =e 30 -1.50 0.000e+00 0.000e+00 
Anglesite -7.49 -15.36 -7.87 0.000e+00 0.000e+00 
Antlerite = 101.03 ilk See 8.29 0.000e+00 0.000e+00 
Azurite =9, 97 —25..97 —16..00)* 0.000e700 0.000e+00 
Barite COO LOh22)  —TOR 27am 5. 6ose—0i6 M16).361e-06 e707 3e-07 
Boehmite 0.00 9.67 9.67 3.076e-05 3.218e-05 1.423e-06 
Brochantite salah x 85) SF 39 15.34 0.000e+00 0.000e+00 
Ca3(As0O4)2:6H20 -19.10 Se20 22.30 0.000e+00 0.000e+00 
Calcite 0.00 a1 Seal =O). die Si Oe OOM NS. 7 1 4eFO0MS.195e-03 
CO2 (g) -2.50 -20.68 -18.18 2.864e-02 3.273e-02 4.091e-03 
Ferrihydrite -0.54 UD OY 18.31 0.000e+00 0.000e+00 
Fixe = 0.00 0.00 0.00 
02 is reactant 1.000e+02 1.000e+02 7.491e-06 
Gypsum 0.00 -4.86 -4.86 1.219e-01 1.258e-01 3.831e-03 
Jarosite-K -4.67 22.00 26.68 0.000e+00 0.000e+00 
Malachite 5) S4ee— Lona? -4.57 0.000e+00 0.000e+00 
Otavite OLO00 1372) 5-134 72e 9 O2Ve—-06 1 s17Se-05 ee. 83 4e-06 
Pyrite -37.10 -128.01 -90.91 0.000e+00 0.000e+00 
Siderite OnOOmE al Ons Ian TOR S4u 237 0e-04 2.71 2e-04 eS 4i7e—05 
Smithsonite Satis) ale Wil -9.83 0.000e+00 0.000e+00 
ZnCO3:H20 —2 45a 12 7 -'OR26) (0 000EF00 0.000e+00 
SS SSE OS SS I IS SumtacesCOMpPOSMel ON = >——— secret Tot se seas ee 
») Hfo 
-8.025e-12 Net surface charge, eq 
-2.390e-10 sigma, C/m**2 


1.880e-02 psi, V 
=)  Oee=—O01"—F*psi/RE 
4.627e-01 exp(-F*psi/RT) 
6.000e+02 specific area, m**2/g 
5.400e+00 mass, g 


Kg water in diffuse layer: 3.240000e-02 


Total moles in diffuse layer (excluding water) 


Element Moles 
Ag 2.3934e-09 
Al 1.6564e-08 
As eS S53 e—are 
Ba 6.5164e-10 
e 8.4294e-05 
Ca 2.2213e-04 
Cd 1.6446e-09 
(eal 3.6163e-06 
Cu 3.2278e-09 
F 12937 9e—-07 
Fe 2.3578e-06 
H 1.5962e-04 
K 1.2460e-06 
Mg 2.8644e-04 
Mn 1.1913e-06 
N 1.5007e-07 
Na 7.8120e-05 
Ni 1.0483e-08 
@) 3.1221e-03 
: Pb 8.6570e-14 
1 4 S 6.9949e-04 
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Hfo_s 


Hfo w 
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Si 
Zn 


2.500e-04 moles 


Species 


Hfo_sOHCat2 
Hfo_sOZn+ 
Hfo_sOCut 
Hfo_sOH 

Hto sOCd+ 
Hfo_sONi+ 
Hfo_sOH2+ 
Hfo_sOHSO4-2 
FEO) SO= 
Hfo_sOPb+ 
Hfo_sSO4- 
Hfo_ sOHBat2 
Hfo_sOHAsO4-3 
Hfo_sH2As03 
Hfo_sAsO4-2 
Hfo_sHAsO4- 
Hfo_sH2As04 


1.000e-02 moles 


Species 


Hfo_ wOH 
Hfo_wOH2+ 
Hfo_wOHSO4-2 
Hfo_wO- 
Hfo_wO0Cat 
Hfo_ws04- 
Hfo_wOZn+ 
Hfo_wOCut 
Hfo_ wONi+ 
Hfo_wOHAsO4-3 
Hfo_ wOCd+ 
Hfo_wH2As03 
Hfo_wOPb+ 
Hfo_ wAsO4-2 
Hfo_wHAsO4- 
Hfo_wOBat+ 
Hfo_wH2As04 


Elements 


Ag 
Al 
As 
Ba 
G 

Ca 
Cd 
eal 


(eqnt 


1.7799e-05 
1.4535e-08 


Moles 


.820e-04 
.329e-05 
.851e-06 
.588e-06 
.509e-06 
.437e-06 
.189e-06 
.649e-07 
.480e-07 
.844e-07 
.390e-08 
.443e-09 
.032e-10 
.876e-12 
.850e-12 
.206e-12 
.608e-14 


NWWIDNWOFRNYORPRPRPWOUOE- 


Moles 


-038e-03 


-173e-04 


-395e-09 
-291e-11 
-389e-11 


BOTA rFPRrPrRPRPUOUOWOFrRN BON O 
we 
rk 
= 
oO 
| 
(@) 
o>) 


Molality 


7.845e-08 
5.089e-07 
3.904e-11 
2.354e-08 
2.349e-03 
7.603e-03 
5.408e-08 
9.930e-05 
1.084e-07 
5.465e-06 
8.156e-05 
4.176e-05 
9.841e-03 
4.105e-05 
4.986e-06 
2.620e-03 
3.306e-07 
2.698e-12 


=10.276 


Moles 


.844e-08 
.089e-07 
.904e-11 
-354e-08 
.349e-03 
.603e-03 
-407e-08 
.929e-05 
.084e-07 
-464e-06 
.156e-05 
an 5e=05 
.840e-03 
.104e-05 
-986e-06 
.620e-03 
.306e-07 
-698e-12 


NIMWNWOFRNORPRRPWOHOE 


3 
S 
2 


POQanarrPrrFrFUANUOFRN BWN O) 


Molality 


-821e-04 
-329e-05 
.851e-06 
-589e-06 
-509e-06 
-437e-06 
-189e-06 
.650e-07 
-480e-07 
.845e-07 
.391e-08 
-443e-09 
.033e-10 
SOU Me=12 
-85le-12 
.206e-12 
.608e-14 


Molality 


.039e-03 
.002e-03 
.507e-04 
.174e-04 
.728e-04 
-580e-04 
.833e-05 
-537e-05 
-414e-06 
-352e-06 
.188e-06 
.325e-08 
.208e-08 
-480e-09 
-395e-09 
-291e=12 
-389e-11 


Log 
Molality 


-3.740 
-4.273 
AR AVASE, 
-5.445 
SS) 1321 
-5.843 
5,925) 
-6.248 
-6.606 
=O 794 
th tO 7 
HIS) (i? 
=92.09)5 
-11.104 
= yar 4 4 
-11.494 
-13.584 


Log 
Molality 


AS) 
=27099 
=B 022 
Soe 
-3.564 
eno OM 
-4.007 
-4.257 
= 5A 
=o.10 09 
5! SAS) 
=inoe 
= SES 
= 138 
=Gi2oc 
10% 2 16 
=O soo 


28 


S Tg Se—OZ i 3e—02 
Sa 5.492e-04 5.492e-04 
zn 4.826e-07 4.825e-07 


pH = 7.435 
pe = 0.000 
Activity of water “= C2999 
Llonie: strength" = 5.104e-02 
Mass of water (kg) = 9.999e-01 
Total alkalinity (eq/kg) = 2.243e-03 
Total CO2 (mol/kg) = 2.349e-03 
Temperature (deg C) = 10.000 
Electrical balance (eq) = -7.752e-12 
Iterations = i) 
Total H = 1.110100e+02 
TotaleOeg= 5.9982 79er0T 


Charge balance 


Adjusted to redox equilibrium 


Surface model iteration: 1, 
Surface model iteration: 2; 


O iterations 
1 iterations 


Moles in assemblage 


Phase Sipslogs LAP Log. ks 
Al (OH) 3 (a) -1.76 9.67 11,43 
Al14 (OH) 10S04 = aS, ZAL55 22.09 
Alunite =0.80 -—2.30 —d 0 
Anglesite =f AAG LS Sk -7.87 
Antlerite -9.90 -1.61 SPE AS) 
Azurite -9.84 -25.83 -16.00 
Barite 0 O0pe SOc 22. =1:0 27 
Boehmite 0.00 9.67 OGa 
Brochantite = 15 al, 3 2D:/ 15.34 
Ca3(AsO4)2:6H20 -19.02 Bi228 22 .30 
Calcite 0.00 -8.41 -8.41 
CO2 (g) =? -500m-20 68° —=—18 118 
Ferrihydrite -0.54 A ad to S 
Bice 0.00 0.00 0.00 
02 is reactant 
Gypsum 0.00 -4.86 -4.86 
Jarosite-K -4.67 22.00) 26.68 
Malachite =) \20/, One =A Ole -4.57 
Otavite O70 Om Ss elie LS ae 
Pyrite 37.1 Omi. OL) 90nd 
Siderite O00ne—VOe34 5 —LOe34 
Smithsonite -2.83 -12.66 -9.83 
ZNECOSsH20 -2.40 -12.66 -10.26 


-8.290e-12 Net surface charge, eq 


-2.469e-10 sigma, C/m**2 
iessde—O2 “ps2, V 

-7.724e-O1l -F*psi/RT 
4.619e-O01 exp(-F*psi/RT) 


6.000e+02 specific area, m**2/g 


5.400e+00 mass, g 


Kg water in diffuse layer: 


3.240000e-02 


Total moles in diffuse layer (excluding 
Element Moles 

Ag 2.3931e-09 

Al 1.6564e-08 

As 1.6943e-12 

Ba 6.5147e-10 

iS 8.4317e-05 
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Initial Final Delta 
0.000e+00 0.000e+00 
0.000e+00 0.000e+00 
0.000e+00 0.000e+00 
0.000e+00 0.000e+00 
0.000e+00 0.000e+00 
0.000e+00 0.000e+00 
6.360e-06 7.068e-06 7.073e-07 
3.218e-05 3.361e-05 1.423e-06 
0.000e+00 0.000e+00 
0.000e+00 0.000e+00 
2 S77 4e+00) § 3-777 e003 -195e-03 
3.273e-02 3.682e-02 4.091le-03 
0.000e+00 0.000e+00 
1.000e+02 1.000e+02 7.493e-06 
1.258e-O01 1.296e-01 3.831e-03 
0.000e+00 0.000e+00 
0.000e+00 0.000e+00 
1.175e-05 1.359e-05 1.832e-06 
0.000e+00 0.000e+00 
2.712e-04 3.054e-04 3.417e-05 
0.000e+00 0.000e+00 
0.000e+00 0.000e+00 
water) 
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Ca 2.2210e-04 


Cd 1.6445e-09 
(enh 3.6173e-06 
Cu 3.5701e-09 
F 1.9384e-07 
Fe 2.3574e-06 
H 1.5964e-04 
K 1.2458e-06 
Mg 2.8639e-04 
Mn 1.1911e—06 
N 1.5005e-07 
Na Taslo9e=0s 
Ni 1.1368e-08 
fe) 331238e-08 
Pb SR Z0seaw 4 
Ss 6.9990e-04 
Sa: We 1 DSU) 
zn 1.6300e-08 
Hto es 
2.500e-04 moles 
Log Log 
Species Moles Moles Molality Molality 
Hfo_sOHCat2 1.768e-04 Oe 2 1.768e-04 =33)5, 1/8) 
Hfo_ sOZn+ 5.815e-05 SY OASIS) Seedoe— Oo -4.235 
Hfo_sOCu+ 6.298e-06 5) AOE 6.298e-06 =5202 
Hfo_sOH 3.498e-06 -5.456 3.498e-06 -5.456 
Hfo_sONi+ 1.516e-06 5) gee) 1.516e-06 Hohe 
Hfo_sOCd+ 1.468e-06 = ots She 1.468e-06 —oo55 
Hfo_sOH2+ 1.157e-06 ay aS) T) 1.157e-06 =5), S97) 
Hfo_ sOHSO4-2 Soaoe— Om, -6.258 5.526e-07 =6.258 
HEoSO- 2.422e-07 -6.616 2.422e-07 -6.616 
Hfo_sOPb+ 2.015e-07 -6.696 20152-0797 =6, 096 
Hfo_sS04- 9.169e-08 = 7 OSE 9.169e-08 -7.038 
Hfo_sOHBat2 2.373e-09 = Oto 22782-0939 =} 5645) 
Hfo_ sOHAsO4-3 8.568e-10 =) LOST 8.569e-10 =O OO 
Hfo_ sH2As0O3 8.358e-12 aoe. 8.359e-12 tt aO.8 
Hfo_sAs0O4-2 4.100e-12 SI SEY 4.10le-12 =I SST 
Hfo_sHAsO4- 3.408e-12 Sih Ais} 3.408e-12 -11.467 
Hfo_sH2As04 2.768e-14 =, SSNs) 2.768e-14 Sem a6 
Hfo_w 
1.000e-02 moles 
Log Log 
Species Moles Moles Molality Molality 
Hfo_wOH 6.027e-03 DBE 6.027e-03 = L220 
Hfo_wOH2+ 1.994e-03 =r 1.994e-03 —207 00 
Hfo_wOHSO4-2 9.522e-04 38) jal 9.522e-04 Se) OAM 
Hfo_wO- 4.173e-04 -3.380 4.173e-04 =3., 380 
Hfo_wOCa+ 2.718e-04 = Oye DIGS 2.718e-04 = SoSH 
Hfo _wS04- 1.580e-04 = 3} {OIL 1.580e-04 -3.801 
Hfo_wOZn+ 1.099e-04 =) 5G) 1.099e-04 S95 9) 
Hfo_wOCu+ 6.103e-05 -4.214 GaLOse—05 -4.214 
Hfo_wONi+ 5.850e-06 —o296 5.850e-06 5) GEIS 
Hfo_wOHAs0O4-3 1.477e-06 = Gye telshl 1.477e-06 =oRoow 
Hfo_wOCd+ 1.183e-06 S402 I 1.183e-06 5) AU) 
Hfo_wH2As03 1.440e-08 een raee: 1.440e-08 -7.842 
Hfo_wOPb+ Le soles03 =] casi sie) eS one =08 Sl Se 
Hfo_wAsO4-2 7.066e-09 Oper eene 7.066e-09 = CSL 
Hfo_wHAsO4- 5.873e-09 =O 2 5.873e-09 =Ozom 
Hfo_wOBat+ be 2 em as =10.278 See eon SW 3 Ags 
Hfo_wH2As04 4.770e-11 SINGS, Sve I 4207 0e=2 1 SOms2 ul 
SS SS I a a Sle ies Wey ah (eau YSIS Ne eee ee 
Elements Molality Moles 
Ag 7.845e-08 7.844e-08 
Al 5.089e-07 5.089e-07 
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4.250e-11 
2.354e-08 
2.349e-03 
7.603e-03 
5.408e-08 
9.930e-05 
Le IS— 07 
5.465e-06 
8.156e-05 
4.176e-05 
93841e-03 
4.105e-05 
4.986e-06 
2.620e-03 
B20 55e—0.) 
S.030e=2 
a oe 02 
5.492e-04 
5.412e-07 


4.250e-11 
2.354e-08 
2.349e-03 
7.603e-03 
5.407e-08 
IZ 9e—05 
elo ge— Oi 
5.464e-06 
8.156e-05 
AE AT 5e—05 
9.840e-03 
4.104e-05 
4.986e-06 
2.620e-03 
Seosoe 07 
S20s0esn2 
gsc — 02 
5.492e-04 
Se aive— Or 


pH 7.435 Charge balance 
pe = 0.000 Adjusted to redox equilibrium 
Activity of water = ORS 
Ionic strength = 5.104e-02 
Mass of water (kg) = 9.999e-01 
Total alkalinity (eq/kg) = 2.243e-03 
Total CO2 (mol/kg) = 2.349e-03 
Temperature (deg C) = 10.000 
Electrical balance (eq) = -8.025e-12 
Iterations = 1 
Total sheet LOLOOerOZ 
Total Oe — Soo GZ2S0erOL 


Surface_model iteration: 1, 0 iterations 
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) Surface _ model iteration: 2, ie eSisat 2 Ons 
Ge rie oe ee ee a daveletey EXSKSCi inl oy hte \6 Se Se ae 
Moles in assemblage 
Phase Si@log euAP liog | Kr Price Final Delta 
Al (OH) 3 (a) = ING 9.67 11.43 0.000e+00 0.000e+00 
Al14 (OH) 10S04 =) es PASS 22.70 0.000e+00 0.000e+00 
Alunite -0.80 = SM) -1.50 0.000e+00 0.000e+00 
Anglesite Sass) =a c2@ -7.87 0.000e+00 0.000e+00 
Antlerite = lie, 1s: = ARS) 8.29 0.000e+00 0.000e+00 
Azurite =9 72-25-71) =16-00 (0. 000e40C 0.000e+00 
Barite ORC OME aco me— 1022 0 68e—UGmieioe-Oo ms jnOvses07 
Boehmite 0.00 eter 9.67 3.361e-05 3.503e-05 1.423e-06 
Brochantite =117.62 Byes) 15.34 0.000e+00 0.000e+00 
Ca3(AsO4)2:6H20 -18.95 339 22730) 0 00CeF00 0.000e+00 
Calcite 0.00 -8.41 —924 sei fetO0n Sa780CtOO NS 21 95e-03 
CO2 (g) -2.50 _-20.68 -18.18 3.682e-02 4.091le-02,, 4..09le-03 
Ferrihydrite -0.54 Weg YT 18.31  0'.000e+00 0.000e+00 
Pax e— 0.00 0.00 0.00 
02 is reactant 1.000e+02 1.000e+02 7.496e-06 
Gypsum 0.00 -4.86 -4.86 1.296e-01 1.334e-01 3.831e-03 
Jarosite-K =A Oi, 22200 26.68 0.000e+00 0.000e+00 
Malachite =e Oo L025 -4.57 0.000e+00 0.000e+00 
Otavite 0,00 meliocis veloute 1 eosde-05 92. 542e-05- sl s3i1e-06 
Pyrite -37.10 -128.01 -90.91 0.000e+00 0.000e+00 
Siderite 0.00. =-10.34 +-10.34 3.054e-04  3..395e-04 . 3.417e-05 
Smithsonite STR SNA Ne -9.83 0.000e+00 0.000e+00 
ZnCO3:H20 —27 35.12.68 —10.26) ,000Ger00 0.000e+00 
Sa I a a Siig COmiC OME Osh te ON ana ee mg 
Hfo 
8 -8.553e-12 Net surface charge, eq 
‘ -2.547e-10 sigma, C/m**2 


Hfo_s 


Hfo _w 
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1.889e-02 
-7.742e-01 
4.6lle-01 
6.000e+02 
5.400e+00 


Kg water in 
Total moles 


Element 
Ag 
Al 


2.500e-04 
Species 


Hfo_sOHCa+2 
Hfo_sOZnt+ 
Hfo_sOCu+ 
Hfo_sOH 
Hfo_sONi+ 
Hfo_sOCd+ 
Hfo_sOH2+ 


Hfo_sOHSO4-2 


Hfo_sO- 
Hfo_sOPbt+ 
Hfo_ sS0O4- 
Hfo_sOHBat2 


Hfo_sOHAsO4- 


Hfo_sH2As03 
Hfo_sAs0O4-2 
Hfo_sHAsO4- 
Hfo_sH2As04 


1.000e-02 moles 


Species 


Hfo_wOH 
Hfo_wOH2+ 


Hfo_wOHSO4-2 


Hfo_wO- 

Hfo_wOCat 
Hfo_wS04- 
Hfo_wOZn+ 
Hfo wOCut 


psi, 


Vv 


-F*psi/RT 


exp (- 


F*psi/RT) 


specific area, m**2/g 


mass, 


g 


diffuse layer: 3.240000e-02 


in diffuse layer (excluding water) 


moles 


3 


Moles 
2.3929e-09 
1.6565e-08 
1.8324e-12 
6.5130e-10 
8.4340e-05 
2.2206e-04 
1.6444e-09 
3.6183e-06 
3.9154e-09 
1.9388e-07 
2.3570e-06 
1.5966e-04 
1.2456e-06 
2.8634e-04 
1.1909e-06 
1.5003e-07 
7.8097e-05 
1.2224e-08 
SruZope—0S 
1.0830e-13 
7.0032e-04 
1.7799e-05 
1.8094e-08 


Moles 


.718e-04 
-284e-05 
.724e-06 
-410e-06 
-587e-06 
-429e-06 
-126e-06 
-407e-07 
.365e-07 
.185e-07 
-956e-08 
-306e-09 
.078e-10 
-809e-12 
SSS 
-598e-12 
-917e-14 


NWP OWOUWONOANN ORF F W OD OV F 


Moles 


-016e-03 
-987e-03 
-538e-04 
217 3e-04 
. 7/08e-04 
-580e-04 
-215e-04 
-670e-05 


OrrN FP WOOF OV 


Log 


Moles 


= Sh 
eee 
=3)5 
28) 
ye 
ic 
S80 
=O 
Eire 
AN 
nam 
=Elic 
he 
Swe 
al lve 
Sibi 
ST 


dS 
202 
LZ 
467 
799 
845 
948 
267 
626 
660 
048 
63 
042 
055 
363 
444 
BGS) 


Molality 


1.718e-04 
6.284e-05 
6.724e-06 
3.410e-06 
1.587e-06 
1.429e-06 
1.126e-06 
5.407e-07 
2.366e-07 
2.185e-07 
8.956e-08 
2.306e-09 
9.079e-10 
8.809e-12 
AVS33ie—12Z 
3.598e-12 
2.917e-14 


Molality 


.016e-03 
.987e-03 
-5392e-04 
.173e-04 
.708e-04 
-580e-04 
-216e-04 
€6.670e-05 


rPrRhO BWwF OD 


Log 
Molality 


ssiaiios 
-4.202 
sy Le 
eon 
=32) 13S; 
= 3) SHS. 
= 946 
=602.01) 
-6.626 
-6.660 
-7.048 
—9.030 
-9.042 
=e 0o5 
=O 
-11.444 
ales 


Log 
Molality 


Sh BAAN 
= Og 
3 2024: 
= sis o0 
=Seo0 
=3 501 
Sone ees. 
=A tn6 


\ 


e 
+ 
¢ 
ne ae 
fea. 
et =f 


mpl 


Hfo_wONi+ 
Hfo_wOHAs04-3 
Hfo_wOCd+ 
Hfo_wH2As03 
Hfo_wOPb+ 
Hfo_wAs0O4-2 
Hfo_wHAsO4- 
Hfo_wOBat+ 
Hfo_wH2As04 


Elements 


Ag 
Al 
As 
Ba 
c 

Ca 
Cd 
cl 
Cu 


6.268e-06 
1.601e-06 
1.179e-06 
1.554e-08 
1.500e-08 
7.650e-09 
6.347e-09 
oe 2lSseq1t 
5.146e-11 


Molality 


7.845e-08 
5.089e-07 
4.-594e=1 1 
2.354e-08 
2.349e-03 
7.603e-03 
5.408e-08 
9.930e-05 
1.316e-07 
5.465e-06 
8.156e-05 
4.176e-05 
9.841e-03 
4.105e-05 
4.986e-06 
2.620e-03 
3.855e-07 
3-.376e-12 
1.773e-02 
5.492e-04 
6.008e-07 


-5.203. 


aaa (AS}S: 
Bi VANS: 
ROE, 
-7.824 
-8.116 
te Sy) 
-10.280 
L023 9 


Moles 


7.844e-08 
5.089e-07 
4.594e-11 
2.354e-08 
2.349e-03 
7.603e-03 
5.407e-08 
9.929e-05 
1.315e-07 
5.464e-06 
8.156e-05 
4.175e-05 
9.840e-03 
4.104e-05 
4.986e-06 
2.620e-03 
3.855e-07 
3.376e-12 
1.773e-02 
5.492e-04 
6.008e-07 


6.268e-06 


-1.602e-06 


1.179e-06 
1.554e-08 
1.500e-08 
7.651e-09 
6.347e-09 
D2 3e—12 
5.146e-11 


pH = 7.435 Charge balance 
pe = 0.000 Adjusted to redox equilibrium 
Activity’of water = o OE 
Ionic strength = 5.104e-02 
Mass of water (kg) = 929 99e-071 
Total alkalinity (eq/kg) = 2.243e-03 
Total CO2 (mol/kg) = 2.349e-03 
Temperature (deg C) = 10.000 
Electrical balance (eq) = -8.290e-12 
Iterations = 1 


LOotaleiee— aL LOLOde+ OZ 
Total © = 5-558280e+01 
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WMP -130-89-019B 


3809 (135) 
March 18, 1998 
FEDEX 
TO? _ Tom Olsen, NV-920 
~“ Paul Summers, NARSC-210 
Marcia Knadle, EPA-OEA-095 

2 if 

[os wa \ ana fhe ; 14 mh @ 
From: George Brown, Spokane District ( MU F/A\)\\ land WM a yee 
Subject: Lamefoot Mine - plan modification review NY 


Echo Bay delivered the impact evaluation document today. Please note that the 
document is inappropriately title "Worst Case Impact Evaluation for the 
Proposed’ Interim Expansion for the Lamefoot Mine." 


BLM’s concern was that previous studies and models by Echo Bay focused on the 
most favorable conclusions that could be reached, while tending to omit or 
downplay data and test results that indicated the operations could possibly 
result in greater impacts. In addition, actual site conditions during mining 
deviated substantially from the conditions predicted in previous studies 
(i.e., more potentially acid generating waste rock; greater hydraulic 
conductivity in fractures). As a result, BLM required Echo Bay to use all the 
actual test results, data and probable post-closure conditions to identify the 
reasonable range of impacts that are likely to occur as a result of the 
expansion. Echo Bay refers to BLM’s requirement as a "worst case", whereas 
the conditions addressed are actually for the most probable case. 


The hydrogeology evaluation is. supposed to identify any preferential pathways 
for groundwater movement, and the actual groundwater situation at present, 
which includes the actual drawdown impacts from existing mine workings and 
underground exploration drilling. 


The groundwater refilling model is supposed to evaluate the likely groundwater 
drawdown that will result from outflow through the crown pillar and 
faults/fractures, the potential impacts to wetlands during operations from 
drawdown, the potential post-closure drawdown area that may influence 
geochemistry and groundwater quality, and the potential post-closure outflow 
pathways for groundwater movement. 


The geochemical model is supposed to evaluate the effect mining on post- 
closure groundwater quality, based on the amount of potentially acid 
generating (PAG) rock in the crown pillar and wall rock, the actual amount 
backfilling to date with PAG waste rock, plus the additional PAG waste rock to 
be excavated and backfilled from the expansion. The model is supposed to 
consider the effect of mine workings. being.exposed to oxidation perpetually 
within the post-closure, groundwater drawdown area. The geochemical evaluation 
is supposed to evaluate, the impact of transport outside the project area. 


The models are supposed to include sensitivity analyses that verify that 
deviations in individual input parameters will not likely yield substantially 
different results. 


Please review the document and determine if it addresses the likely impacts 
from the expansion, and covers the items we’ve discussed with the company in 
the. past several meetings and conference calls. Please do an initial, fast 
completeness review within the next few days and tell me of any obvious 
omissions or deficiencies so I can advise the company. 


Also enclosed is a separate document (6 p.) Echo Bay delivered which shows a 
comparison: of seasonal groundwater levels in shallow wells, and the 
correlation with seasonal flow variations in Wolf Camp spring. . High flows in 
the. spring appear to correlate directly with seasonal rise of groundwater in 
the wells. 
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Historic Flow 
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